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Günü müzde kı yı  ekosi st eml eri nde art an ki rlilik sor unl arı nı n i yil eşti rilmesi  ve 
sür dür ül ebilir  bi r  havza yöneti mi ni n hazırl anması  gi tti kçe daha f azl a önem 
kazanmakt adır.  Sür dürül ebilir  bi r  havza yöneti m si st emi ;  havzanın coğr afi k 
dur umunu,  i kli mi ni,  met eor ol oji k yapı sı nı,  j eol ojik dur umunu,  hi dr ol oji k özelli kl eri ni, 
sosyo- demogr afi k yapı sını  ve t üm bunl arı n havzadaki  su kaynakl arı  üzeri ne et kil eri ni  
göz önüne büt ünl eşi k bi r si st emdi r.  Böyl e bi r  si stemi n ol uşt ur ul ması nda Coğr afi  Bil gi  
Si st emi ,  CBS,  büyük kol aylı kl ar  sağl amakt adır. Bu çal ı şmada pil ot  böl ge ol ar ak, 
Tür ki ye’  ni n güneybatı sında yer  al an Köyceği z Göl ü- Dal yan Lagünü seçil mi ştir. 
Böl ge kar maşı k, hassas ve di nami k bi r yapı ya sahi ptir.  
Çal ı şmada,  bi r  havza yöneti m modeli  ol uşt ur urken ger ekli  ol an kaynak ve veri  
envant eri ni n çı kartıl ması ,  veril eri n CBS ort amı na akt arıl ması,  t emati k katmanl arı nı n 
ol uşt ur ul ması  ve sor gul anması,  pil ot  böl ge üzeri nde yapıl mı ştır.  Kar a kökenli  bil gil er, 
aynı  zamanda t opr ak anali z sonuçl arı,  ana t oprak i çeri ği,  t opr ak ti pl eri, t opr ak al t 
gr upl arı,  ar azi  kull anı mı  ve di ğer  t opr ak özelli kl eri  kat manl arı  ol ar ak 
görsell eştiril mi ştir.  Bu harit al ar  çakı ştırıl arak bi r  “ Ar azi  Veril eri  Değerl endi r me 
Tabl osu”  ol uşt ur ul muştur.  Bu t abl oda her bi r  i st asyonda anal i zl er  de 
gerçekl eşti ril di ği nden veril eri n doğr ul anması  da yapıl mı ştır.  Ar azi  değerl endi r me 
çal ı şmal arı  bi r  böl geni n kull anı m pot ansi yeli  hakkı nda bil gi  ver mekt edi r.  Dol ayı sı  il e, 
bu çal ı şmal ar  büt ünl eşi k havza yöneti m stratejil eri ni n belirl enmesi nde öneml i 
aşamal ar dan bi ri  ol an t opr ak- ar azi  değerl endi ril mesi ne yer  veril mi ş ve bu konumdaki  
çal ı şmal ar a rehberli k edecek t üm aşamal ar a deği nil mi ştir. 
Çal ı şma aynı  zamanda,  AB’  ye gi r me sür eci  yaşayan ül kemi zi n büt ünl eşi k ve 
sür dür ül ebilir  havza yöneti mi  konusundaki  eksi kli ği ni  de gi der me a macı nı 




LAND ASSESSMENT OF  
KÖYCEĞİ Z LAKE- DALYAN LAGOON WATERSHED  
TOWARDS I NTEGRATED PLANNI NG AND MANAGEMENT  
 
SUMMARY 
Re medi ati on of  i ncr easi ng poll uti on pr obl ems at  coast al  ecosystems  and 
est abli shment  of  a sustai nabl e wat ershed management  have nowadays gai ned 
i nt erest  and i mport ance.  An effi ci ent  wat ershed management  syst em consi ders t he 
geogr aphi c condi ti on of  t he wat ershed,  cli mate,  met eor ol ogi c st at us,  geol ogi cal  
condi ti on,  hydr auli c pr operti es,  soci o- demogr aphi c struct ur e and al so t akes i nt o 
account  t he i mpact  of  t hese f act ors on t he recei vi ng wat er  and on t he wat er 
resources.  Geogr aphi cal  I nf or mati on Syst ems (GI S)  hi ghl y contri but e and ai d t o 
accompl i sh t he est abli sment  of  such syst em.  Use of  GI S i s one of  ut most  si gni f ance  
as i t  all ows t o t r ansf er  new dat a t o t he syst em,  t o devel op vari ous scenari os and t o 
shar e i nf or mati on.  
I n t hi s st udy,  Köyceği z Lake- Dal yan Lagoon watershed,  l ocat ed at  t he sout hwest 
part  of  Turkey,  i s sel ected as t he pil ot  r egi on.  The r egi on has a qui te compl ex, 
sensiti ve and dynami c struct ur e.  
I n t hi s st udy,  t he r equi red r esource i nvent ory,  dat a coll ecti on and gat heri ng and 
transf er  of  dat a t o GI S,  est abli shi ng t he t hemati c l ayers and querri es ar e conduct ed 
on t he pil ot  r egi on duri ng t he f or mati on of  a wat ershed management  model .  Land-
based i nf or mati on ar e al so vi suali zed i n t er ms of  l ayers consi sti ng of  soil anal yses 
resul t s,  mai n soil  gr oups,  soil  t ypes,  sub-soil gr oups,  l and- use and ot her  soil 
char act eri sti cs.  These maps ar e overl ai d t o f or m a “ Land Dat a Eval uati on Tabl e”  .  I n 
t hi s t abl e,  t he vali dati on of  t he currentl y conducted anal yses ar e al so done.  Such 
l and eval uati on st udi es gi ve an i deaon t he l and- use pot enti al  of  a r egi on.  Ther ef or e, 
i n t hi s st udy,  emphasi s i s gi ven t o soil -l and eval uati on whi ch i s an essenti al  aspect 
i n det er mi ni ng t he strat egi es of  i nt egr at ed wat ershed management  and al so poi nt s 
out all t he st eps t hat woul d act as a gui de t o si milar st udi es.  
 The st udy wi ll  at  t he same ti me sati sf y t he l acking experi ence f or  sust ai nabl e and 
i nt egr at ed wat ershed management  i n Tur key whi ch i s al so one of  t he r equi remet ns 
of Eur opean Uni on ( EU).  
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1. I NTRODUCTI ON 
Deci si ons on l and- use,  have al ways been a part of  t he evol uti on of  human soci et y. 
I n t he past,  l and- use changes oft en came about  by gr adual  evol uti on,  as t he r esul t 
of  many separ at e deci sions t aken by i ndi vi dual s. I n t he mor e cr owded and co mpl ex 
worl d of  t he pr esent,  t hey ar e f r equentl y br ought  about  by t he pr ocess of  l and use 
pl anni ng.  Such pl anni ng acti viti es t ake pl ace i n vari ous part s of  t he worl d,  i ncl udi ng 
bot h devel opi ng and devel oped countri es.  It  may  be concer ned wi t h converti ng 
envi ronment al  r esources t o new ki nds of  pr oducti ve use.  The need f or l and- use 
pl anni ng i s fr equentl y brought  about,  however,  by changi ng needs and pressur es, 
i nvol vi ng competi ng uses f or t he same l and.  
The f uncti on of  l and- use pl anni ng i s t o gui de deci si ons on l and use i n such a way 
that  t he r esources of  t he envi ronment  ar e put  to t he most  benefi ci al  use f or  man, 
whi l e conservi ng t hose resources f or  t he f ut ur e.  Thi s pl anni ng must  be based on an 
underst andi ng bot h of  t he nat ur al  envi ronment  and of  t he ki nds of  l and use 
envi saged.  Ther e have been many exampl es of  damage t o nat ur al  r esources and of 
unsuccessf ul  l and- use ent er pri ses t hr ough f ailur e t o t ake account  of  t he mut ual  
rel ati onshi ps bet ween l and and t he uses whi ch l and i s put.  It  i s a f unction of  l and 
assess ment  t o bri ng about  such under st andi ng and t o pr esent  pl anner s wi t h 
compari sons of t he most  promi si ng ki nds of l and-use.  
I nappr opri at e l and- use l eads t o i neffi ci ent  expl oit ati on of  nat ur al  r esources, 
destructi on of  t he l and resource,  povert y and ot her  soci al  pr obl ems.  The l and i s t he 
ul ti mat e source of  wealth and t he f oundati on on whi ch many ci vili zati ons ar e 
construct ed.  Soci et y must  ensur e t hat  l and i s not  degr aded and t hat  it  i s used 
accor di ng t o i t s capaci t y t o sati sf y human needs f or  pr esent  and f ut ur e gener ati ons 
whi l e al so mai nt ai ni ng t he eart h‟ s ecosyst ems.  Part  of  t he sol uti on t o t he l and- use 
pr obl em i s l and assess ment  i n support  of  r ati onal  l and- use pl anni ng and appr opri at e 
and sust ai nabl e use of  nat ur al  and human r esources.  Land assess ment  i s t he 
pr ocess of  pr edi cti ng t he use pot enti al  of  l and on the basi s of  i t s attri but es. A vari et y 
of  anal yti cal  model s can be used i n t hese pr edi cti ons,  r angi ng f rom qualit ati ve t o 
quantit ati ve, f uncti onal  t o mechani sti c, and specific t o gener al. 
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Land assess ment  whi ch f or ms part  of  i nt egr at ed wat ershed management,  may be 
defi ned as “t he pr ocess of  eval uati on of  l and per for mance when [t he l and i s]  used 
for  speci fi ed pur poses”  (FAO,  1985),  or  as “ all  met hods t o expl ai n or  pr edi ct  t he use 
pot enti al  of  l and”  ( Van Di epen et  al .,  1991).  Once t hi s pot enti al  i s det er mi ned,  l and 
use pl anni ng can pr oceed on a r ati onal  basi s,  at  l east  wi t h r espect  t o what  t he l and 
resource can off er (FAO,  1993).  
Thus,  l and assess ment  i s a t ool  f or  strat egi c l and- use pl anni ng.  It  pr edi ct s l and 
perf or mance,  bot h i n t er ms of  t he expect ed benefit s from and constrai nt s t o 
pr oducti ve l and- use,  as wel l  as t he expect ed envi ronment al  degr adation due t o 
t hese uses.  
Land assess ment  i s onl y part  of  t he pr ocess of  l and- use pl anni ng.  It s preci se r ol e 
vari es i n di ff erent  ci rcumst ances.  I n t he pr esent  cont ext,  l and assess ment  pl ays a 
maj or  part  i n t he i dentifi cati on of  ai ms,  f or mul at i on of  pr oposal s,  r ecogni ti on and 
deli neati on of  t he di ff erent  t ypes of  l and pr esent  i n t he t ar get  ar ea and compari son 
and assess ment  of  each t ype of  l and f or  t he di ff erent  uses,  whi ch i s t hen utili zed i n 
devel opi ng management  strat egi es.  
Land use pl anni ng and l and assess ment  coul d be done f or  t he whol e country,  f or 
pr ovi nces,  f or  di stri ct s and al so f or  wat ersheds i n det ail.  Geogr aphi cal  i nf or mati on 
syst ems ( GI S)  i s t he most  eff ecti ve t ool  f or  l and use pl anni ng and l and assess ment. 
The t er m " geogr aphi c i nf or mati on syst em"  i s currentl y appli ed t o comput eri zed 
i nf or mati on st or age,  pr ocessi ng,  anal ysi ng and r et ri eval  syst ems t hat  have har dwar e 
and soft war e speci fi cally desi gned t o cope wi th geogr aphi call y r ef er enced spati al  
dat a and correspondi ng attri but e i nf or mati on.  Spati al  dat a ar e commonl y i n t he f or m 
of  maps depi cti ng t opography,   wat er  avail ability,  soil  t ypes,  f or est s and grassl ands, 
cli mat e,  geol ogy,  popul ati on,  l andowner shi p,  admi ni strati ve boundari es, 
i nfrastruct ur e ( hi ghways,  r ail ways,  el ectri cit y or  communi cati ons syst ems) ,  et c.  The 
capability of  combi ni ng di ff erent  maps i n a si ngle oper ati on,  known as "overl ayi ng", 
i s one of  t he most  i mport ant  GI S f uncti ons,  t oget her  wi t h modelli ng and si t e 
sel ecti on.  Thus,  nowadays,  GI S i s used wi del y as an eff ecti ve t ool  f or  l and 
assess ment t hroughout the worl d, i ncl udi ng Turkey.  
I n t hi s st udy,  l and assess ment  i s seen as one of  t he essenti al  part s of  i nt egr at ed 
wat ershed management .  Fi rst,  i nt egr at ed wat ershed management  i s defi ned.  The 
rol e of,  GI S i n i nt egr at ed wat ershed management  i s menti oned and some r ecent 
appli cati on exampl es are gi ven.  Fi nall y,  a l and assess ment  st udy i s done i n det ail 
t he sel ect ed wat ershed namel y, i n Köyceği z Lake-Dal yan Lagoon Wat ershed.  
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1. 1. Si gnifi cance of t he Wor k 
Land i s an essenti al  nat ur al  r esource,  bot h f or  t he survi val  and prosperit y of 
humans,  and f or  t he mai nt enance of  all  t errestri al  ecosyst ems.  Over  mi ll enni um, 
peopl e have become pr ogr essi vel y mor e expert  i n expl oiti ng l and r esources f or  t hei r 
own needs.  The l i mi t s on t hese r esources ar e fini t e whi l e soci et y demands on t hem 
ar e not.  I ncr eased demand,  or  pr essur e on l and resources,  shows up as decli ni ng 
cr op pr oducti on, degr adati on of l and quality and quantit y, and competiti on for l and.  
Att enti on shoul d now be f ocused on t he r ol e of  humanki nd as st ewar ds rat her  t han 
expl oit ers,  char ged wi th t he r esponsi bility of  saf eguar di ng t he ri ght s of  f ut ur e 
gener ati ons and of conservi ng l and as t he basi s of t he gl obal  ecosyst em.  
I nt egr at ed wat ershed management  strat egi es have an i mport ant  r ol e i n sust ai nabl e 
pl anni ng syst ems and l and use pl anni ng i s one of  t he key concept s of  i nt egr at ed 
management syst ems.  
An eff ecti ve l and- use pl anni ng i s based on l and assess ment  pr ocesses.  The 
reli ability of  a l and assess ment  pr ocess can be no gr eat er  t han t he dat a on whi ch i t 
i s based.  I deall y,  r ecent  and updat ed dat a shoul d be obt ai ned t o answer  all 
questi ons r ai sed by t he study,  al t hough ti me and expense usuall y pr event  t hi s bei ng 
done as t hor oughl y as it is possi bl e. 
The essence of  l and assess ment  i s t o compar e or  mat ch t he r equi rements of  each 
pot enti al  l and use wi t h t he char act eri sti cs of  each ki nd of  l and.  The r esul t  i s a 
measur e of  t he sui t ability of  each t ype of  l and-use f or  each t ype of  l and.  These 
sui t ability assess ment s ar e t hen exami ned under  t he l i ght  of  economi c,  soci al  and 
envi ronment al  consi der ati ons t o devel op an i nt egr at ed wat ershed management  f or 
t he sel ect ed ar ea.  When t hi s has been done,  devel op ment  can st art  i n an 
accel er at ed manner. 
The pi l ot  ar ea of  t hi s study i s t he wat ershed of  Köyceği z Lake -  Dal yan Lagoon, 
l ocat ed at  t he sout her nwest  part  of  Tur key.  Part  of  t hi s ar ea has been decl ar ed as a 
Speci al  Pr ot ecti on Ar ea and i s one of  t he sensi ti ve and vul ner abl e coast al  regi ons of 
Tur key.  Thi s wor k f or ms an exampl e f or  bett er  eval uati ng t he current  envi ronment al  
si t uati on,  assessi ng t he l and use sui t ability and constit uti ng an i mport ant  part  of  t he 
i nt egr at ed wat ershed management  f or  t he sel ected ar ea.  It  wi ll  al so act  as a gui de 
f or t hose who want t o i niti at e a l and assess ment study.  
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1. 2. Obj ecti ves and Scope of t he St udy 
I n or der  t o pl an and devel op an i nt egr at ed wat ershed management  i n a sust ai nabl e 
manner  f or  t he management  of  l and and wat er  r esources,  a cl earl y f or mul at ed 
obj ecti ve i s necessary.  Once t he obj ecti ve i s cl ear,  det ail s of  t he component s of  t he 
pl an wi ll  begi n t o f all  i nt o pl ace.  Obj ecti ves ar e t ypi call y scal e- dependent  and wi ll  be 
di ff erent  at  t he nati onal ,  sub- nati onal ,  and l ocal  l evel ,  but  t hey shoul d still  be 
compl ement ary and not contradi ct ory.  
The mai n obj ecti ves of t hi s st udy ar e;  
 t o manage all  t he data about  t he pil ot  ar ea,  li ke geogr aphi cal  data, 
met eor ol ogi cal  dat a,  geol ogi cal  and geomor phol ogi c dat a,  fl ora and f auna of 
t he regi on, soil struct ur e et c.; 
 t o f ocus on t he dat a t hat  ar e essenti al  t o t he l and assess ment  wi t h t he 
t echnol ogy of geogr aphi cal  i nf or mati on syst ems (GI S);  
 t o search out and make maxi mu m of t he recent soil dat a usi ng GI S;  
 t o i mpl ement  soil  survey and make maxi mum utili zati on of  soil  dat a t hr pugh 
GI S;  
 t o make a l and suit ability assess ment. 
Al l  t hese obj ecti ves are f ul fill ed r esul t ed i n a compr ehensi ve dat abase,  whi ch 
pr ovi des usef ul  i nf or mation f or  agri cult ure,  f or estry,  l and use pl anni ng,  f or  i nt egr at ed 
wat ershed management, envi ronment al  pr ot ecti on and many ot her  appli cati ons.  The 
dat a coll ect ed i n t he database al l ow f or  di ff erent  ki nds of  spati al  anal yses,  whi ch ar e 
necessary i n l and management.  The dat abase has been devel oped usi ng Ar c GI S,  a 
common GI S soft war e package,  t hus i t  wi ll  be easy t o combi ne t he dat abase wi t h 
ot her dat a set s, exi sti ng or i n prepar ati on, f or a vari et y of diff erent appli cati ons.  
The pr epar ati on of  a such dat abase adds f urt her  val ue t o t he st udy.  Fur ther mor e, 
t hi s dat abase coul d be an exampl e f or  deci si on- makers and pl anners deali ng wi t h 








2. I NTEGRATED WATERSHED MANAGEMENT (I WM) AND GEOGRAPHI CAL 
I NFORMATI ON SYSTEMS ( GI S)  
2. 1. I WM and Obj ecti ves 
I WM i nvol ves t he coordi nat ed management  of  l and r esour ces of  a wat ershed 
undert aken i n such a way t o opti mi ze t he l ong-ter m pr ot ecti on of  t hese resour ces 
whi l e mai nt ai ni ng t he wat ershed envi ronment.  Fi gur e 1 shows t he over all 
component s f or an I WM syst em.   
 
 
Fi gure 2. 1 A strat egi c appr oach t o I WM ( ESCAP, 1997) 
The obj ecti ves of an I WM syst em ar e:  
 Encour agi ng pr oper management of t he country‟ s resources, whi ch i ncl ude 
nat ur al areas, f orest s, mi ner al s, agri cult ural and urban l ands, wat er and 
ot her resources;
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 Pr omoti ng t he soci al and economi c wel f are of t he co mmuni t y; 
 Shari ng t he r esponsi bility f or  envi ronment al  pl anni ng bet ween al l  l evel s of 
gover nment; and 
 Pr ovi di ng opport uniti es for communi t y i nvol vement i n pl anni ng.  
I WM syst em i s concer ned wi t h pr ovi di ng condi ti ons or  gui deli nes i n t hose ar eas 
wher e t her e ar e pot enti al  i mpact s on t he l and r esources,  i n or der  t o mi nimi ze t hese 
i mpact s and mai nt ai n t he l ong-t er m i nt egrit y and pr oducti vity of  t he r esour ces.  The 
concept of I WM may be incor por at ed i nt o a seri es of l and- use pl ans.  
These pl ans shoul d det ail  t he physi cal  r esources of  a wat ershed and t he 
envi ronment al  i mpact s,  such as l oss of  pr oductivi t y,  degr adati on of  l and,  r educti on 
of  wat er  quality,  et c.  t hat  shoul d be controll ed so as t o pr oceed on wi t h pr oper 
devel opment acti viti es. 
2. 2. Devel opment of I WM 
The pr epar ati on of  I WM strat egi es may i nvol ve t wo pri nci pal  el ement s:  an i nvent ory 
of  physi cal  r esources and a seri es of  i nt er preti ve maps of  combi nati ons of 
resources.  These strategi es wi ll  pr ovi de a basi s f or  pl anni ng pur poses and 
envi ronment al eval uati ons.  
The cor e f uncti ons of an I WM ar e;  
 I nvent ory of l and resource dat a;  
 Det er mi nati on of  speci fi cati on f or  t he est abli shment  of  condi ti ons att ached t o 
t he use of t he l and;  
 Devel opment of strat egi es and pri oriti es;  
 Coor di nati on bet ween organi zati ons ( ESCAP, 1997) 
2. 2. 1. I nvent ory of Land Resource Dat a 
Land r esources can be defi ned as i ncl udi ng al l  t he el ement s of  the physi cal  
envi ronment  whi ch i nfl uence t he pot enti al  f or  l and- use.  They,  t her ef or e, r ef er  not 
onl y t o t he soil  or  eart h mantl e but  al so t o r el evant  f eat ur es of  geol ogy, 




The management  of  such r esources i n an i nt egr ated and eff ecti ve manner ,  needs a 
det ail ed i nf or mati on r egardi ng t he nat ur e,  quantity and quality of  t hese r esour ces be 
avail abl e.  The coll ecti on and pr esent ati on of  such i nf or mati on i s t he pur pose of 
nat ur al resources survey or resource i nvent ory acti viti es.  
2. 3. Eval uati on of I WM Usi ng GI S 
Over  t he past  t went y years,  t he i ncr eased amount  of  r esource eval uati on and 
assess ment  dat a,  from the vari ous t ypes of  r emot e sensi ng syst em,  much of  i t 
avail abl e di rectl y i n comput er-accessi bl e f or mat,  and t he i ncr easi ngl y wi despr ead 
avail ability of  l ow- cost  comput er  equi pment,  has encour aged t he devel opment  of 
t echni ques f or  t he ar chi vi ng,  anal ysi s,  mappi ng,  pr esent ati on and vi sual i zati on of 
such dat a.  Wher e t hese t echni ques r el at e t o t he coll ecti on,  anal ysi s and 
pr esent ati on of geogr aphi cal dat a and i nf or mati on, t hey ar e call ed geogr aphi cal  
i nf or mati on syst ems ( GI S).  
A GI S has f our f uncti onal  component s, whi ch compri se;  
 A dat a i nput  subsyst em,  whi ch coll ect s and processes spati al  dat a f rom 
sources such as exi sti ng maps and remot e-sensing i magery; 
 A dat a st or age and retri eval  sub-syst em,  whi ch or gani zes dat a i n a 
struct ur ed f or m and al l ows  i t  t o be r etri eved i n vari ous f or ms f or  subsequent 
mani pul ati on, anal ysi s or di spl ay;  
 A dat a mani pul ati on and anal ysi s sub-syst em all owi ng t he modi fi cati on or 
reor gani zati on of  dat a accor di ng t o gi ven r ul es and pr ovi di ng a basi s f or  t he 
pr epar ati on and mani pul ati on of model s of t he geogr aphi c ar ea;  
 A dat a-reporti ng sub-system capabl e of  di spl ayi ng al l  or  sel ect ed part s of  t he 
dat a base i n chosen t abul ar or cart ogr aphi c f or mat s.  
A key advant age of  t he GI S appr oach i s t hat  i t per mi t s t he i nt egr ati on of  a wi de 
range of  cat egori es of  dat a,  and t he mer gi ng or  overl ayi ng of  vari ous groupi ngs of 
dat a,  whi ch gr eatl y f acilitat es t he use of  t he data f or  desi gn,  pl anni ng or  poli cy-
i mpl ement ati on pur poses.  By way of  exampl e,  pl ans of  ur ban and i ndustri al 
devel opment  can be superi mposed on t opogr aphi c maps and pl ans of 
communi cati on syst ems.  A f urt her  key advant age i s t hat  t he GI S syst em per mi t s t he 
aggr egati on of  spati al  and attri but e dat a i nt o model s of  t he l and or  r esour ce syst ems 
under  i nvesti gati on and pr ovi des a basi s f or  t he si mul at ed oper ati on of  such model s 
accor di ng t o a vari et y of  scenari os as a basi s f or  pl anni ng,  management  and 
pr obl em- sol vi ng.  
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2. 4. Recent Appli cati ons of Vari ous I WM St udies 
2. 4. 1 Appl yi ng Geographi cal I nf or mati on Syste ms ( GI S) t o Envi ronment al and 
Resource Economi cs-Uni t ed Ki ngdom 
Thi s wor k,  from Uni t ed Ki ngdom,  i ll ustrat es t he f uncti onality pr ovi ded by GI S,  can 
consi der abl y enhance t he i ncor por ati on of  spati al  i ssues wi t hin appl i ed 
envi ronment al  and r esource economi cs ( Bat eman et  al .,  2002).  However,  i t  must  be 
emphasi sed t hat  a GI S i s not  a uni versal  panacea f or  i mpr ovi ng dat a anal ysi s. 
I ndeed,  t he quality of  r esul t s obt ai ned,  depends upon a r ange of  f act ors common t o 
any quantit ati ve anal ysis,  such as t he accur acy of  t he i nput  i nf or mat i on,  t he 
appr opri at eness of  t he dat a struct ur es used t o stor e i t,  and t he choi ce of  anal yti cal  
t ool s empl oyed.  I n addi tion t he appli cati on of  GI S i ntroduces a set  of  new concer ns 
t hat  i ncl ude i ssues of  spati al  r epr esent ati on and dat a confi denti ality.  These matt ers 
ar e si gnifi cant and warrant some consi der ati on her e.  
Deci si ons r egar di ng t he appr opri at e spati al  data scal e,  l evel  of  dat a aggr egati on, 
and f requency of  measurement  must  be made at  an earl y poi nt  i n any GI S anal ysi s 
( Chri sman 1997).  These deci si ons ar e not  tri vi al, and i ndeed may have a si gni fi cant 
i mpact  on t he manner  i n whi ch t he r esul t s ul ti matel y obt ai ned can be i nt erpr et ed.  On 
a t heor eti cal  l evel ,  t he appr opri at e uni t s f or  spati al  anal ysi s depend upon t he 
questi ons bei ng asked (Ri ndf uss and St er n 1998).  For  i nst ance,  i ssues of  popul ati on 
travel  and mi gr ati on t end t o t ur n on t he deci si ons of  i ndi vi dual s and househol ds, 
whi l st  questi ons of  equi ty of  access t o envi ronment al  quality may r equi re anal ysi s at 
t he scal e of  nei ghbourhoods.  I ndeed some probl ems r equi re consi der ati on at 
mul ti pl e scal es.  For  exampl e,  enqui ri es i nt o changes i n l and- use and l and- cover 
typi call y r equi re si mul taneous i nf or mati on at  t he l evel  of  t he i ndi vi dual s and 
househol ds t hat  may own t he l and,  t he l ocal  admi ni strati on bodi es t hat  r egul at e 
l and- use and make deci si ons concer ni ng i nfrastruct ur e,  and t he r egi onal  
gover nment s t hat  di ct ate strat egi c devel opment  strat egi es ( Ri ndf uss and St er n 
1998).  I n pr acti ce however,  t he pr esence of  l i mi t ati ons r egar di ng t he avail ability of 
dat a oft en has at  l east  as gr eat  i nfl uence on t he choi ce of  aggr egati on empl oyed as 
does any t heor eti cal consi der ati on regar di ng t he appr opri at eness of diff erent scal es.  
I n cases wher e r emot el y sensed dat a ar e bei ng empl oyed,  t he char act eri sti cs of  t he 
sensi ng i nstrument  wi ll  pl ace t he gr eat est  li mi t ati ons on t he spati al  scal e of  anal ysi s, 
as t hey wi ll  di ct at e t he resol uti on of  t he avail abl e i mages and t he f requency wi t h 
whi ch measur ement s can be made ( Ryerson 1998).  
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Recent  i mpr ovement s i n ci vili an sat ellit e systems  mean t hat  i magery wi t h a 
resol uti on of  10 met ers or  bett er  i s i ncr easi ngl y common,  al t hough even at  t he fi nest 
l evel s t her e can be di fficul ti es i n det er mi ni ng t he l ocati on of  obj ect s such as utility 
li nes and t ransport ati on i nfrastruct ur es,  or  i n di sti ngui shi ng subtl e l and- cover 
di ff erences.  Furt her more,  fr om a soci al  perspecti ve,  t her e i s cert ai nl y no r emot e 
sensi ng uni t  equi val ent  t o t he i ndi vi dual ,  and house-  hol ds can onl y be i dentifi ed 
from t he l ocati on of  t he buil di ngs wi t hi n whi ch t hey r esi de.  Wher e vect or dat a t hat 
has been di giti sed f rom paper  maps i s empl oyed,  t hen t he scal e and det ail  pr esent 
wi ll  be dependent  upon i ssues such as t he pr eci si on of  t he di giti si ng process,  t he 
scal e of  t he ori gi nal  maps and t hei r  degr ee of  cart ogr aphi c gener ali sati on (t he 
sel ecti ve depi cti on of  obj ecti ves so as t o preserve vi sual  cl arit y).  Hence t he 
t opol ogi cal  r el ati onshi ps depi ct ed i n t he GI S may be a consi der abl e si mplifi cati on of 
t hose pr esent i n t he real worl d.  
Even i n cases wher e t he scal e and r esol uti on of  dat a ar e accept abl e,  f urt her 
li mi t ati ons may ari se as many spaces wi t hi n whi ch soci al  i nt er acti ons t ake pl ace 
cannot  be easil y depi ct ed i n a GI S;  cart ogr aphi c depi cti ons of  t he r eal  worl d t end t o 
repr esent  physi cal  entities,  not  soci al  acti vity spaces. Whil st  some soci al  uni t s,  such 
as ur ban ar eas or  deli neat ors of  l and owner shi p,  do have a nat ur al  geor efer ent,  t he 
maj orit y do not.  For  t hi s r eason,  t he deli neati on of  spaces such as communi ti es or 
nei ghbour hoods can be pr obl emati c.  Thi s i ssue i s commonl y ci rcumvent ed by t he 
use of  pr e- exi sti ng aerial  uni t s such as census t r act s.  However,  such uni t s have 
oft en been devel oped t o expedi t e l ocal  admi ni strati on acti viti es r at her  t han del i neat e 
ar eas of  a parti cul ar  soci al  char act er.  An al t ernative and mor e sophi sti cated vi ew i s 
t o defi ne nei ghbour hoods based on some measure of  mobility.  I n,  say,  a devel opi ng 
worl d setti ng wher e t he chi ef  economi c acti vity i s f ar mi ng and t he pri mar y means of 
transport ati on i s wal ki ng,  t he deli neati on of  a nei ghbour hood based on a measur e of 
wal ki ng di st ance may be sensi bl e.  However,  as modes of  tr ansport ati on evol ve t o 
enabl e tr avel  over  ever  gr eat er  di st ances,  t he vali dity of  defi ni ng nei ghbour hoods i n 
t hi s way becomes quest i onabl e f or  many pur poses.  I n t he USA t he average dai l y 
commuti ng di st ance i s now al most  30 kil ometres f r om home t o wor kpl ace ( Ri ndf uss 
and St er n 1998).  A questi on ari ses as t o whet her  such spati al  scal es shoul d 
constit ut e nei ghbour hoods.  Even i n si t uati ons wher e nei ghbour hoods can be 
deli neat ed based on t ravel  t o wor k measur es,  the uni t s gener at ed wi ll  undoubt edl y 
cont ai n many i ndi vi dual s who ar e i mmobil e or  ar e unabl e t o t r avel  mor e t han a short 
di st ance from t hei r  house.  Hence per cei ved nei ghbour hoods wi ll  be present  at  a 
wi de range of overl appi ng spati al scal es. 
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Ther e i s r at her  littl e underst andi ng of  how compl ex spati al  struct ures such as 
overl appi ng nei ghbour hoods can and shoul d be repr esent ed i n a GI S.  A sol uti on t o 
t hi s pr obl em i s t o r epr esent  f eat ur es at  a hi ghl y aggr egat ed scal e by depi cti ng l ar ge 
geogr aphi cal  uni t s wi t hin whi ch i t  may be assumed t hat  soci al  acti vit y spaces ar e 
mor e l i kel y t o be confi ned.  However,  many pot enti all y i mport ant  pr ocess may  not  be 
vi si bl e at  t hese hi gh l evel s of  aggr egati on.  I ssues r egar di ng t he abstracti on and 
repr esent ati on of  cert ain aspect s of  t he „ real‟  worl d by di git al  means ar e by no 
means uni que t o GI S;  t he matt ers ar e uni versal  i n many ki nds of  i nf or mat i on syst em 
( Marti n 1996).  It  must  nevert hel ess be r ecogni sed t hat  t he assumpti on t hat  a si ngl e 
obj ecti ve r eality exi st s and can be measur ed i s a nai ve vi ew;  t he choi ces made 
regar di ng t he way i n whi ch i nf or mati on wi ll  be i ncor por at ed i nt o t he syst em wi ll 
al ways be gr ounded i n ei t her  subj ecti ve or  arbi trary r easoni ng.  Hence any GI S 
repr esent ati on can onl y pr ovi de a sel ecti ve vi ew of reality.  
A second i ssue f or  t he appli cati on of  GI S t echnol ogi es t o t he fi el d of  envi ronment al  
and r esource economi cs concer ns i ssues of  data confi denti ality and access t o t he 
t echnol ogy.  Re mot el y sensed dat a ar e i ncr easingl y becomi ng avail abl e f or  publ i c 
use,  f ost eri ng t he ability of  r esearchers t o di scern i n ever  mor e det ail  t he f oot pri nt s 
of  economi call y i mport ant  acti viti es ( Ri ndf uss and St er n 1998).  Thi s tr end,  coupl ed 
wi t h t he gr owi ng avail abi lity of  soci o- economi c data t hat  has been di saggregat ed t o 
s mall  geogr aphi cal  ar eas ( an exampl e bei ng t he out put  of  nati onal  censuses of 
popul ati on),  means t hat  t her e ar e i ncr easi ng opport uniti es t o l i nk obser ved 
envi ronment al  f eat ur es such as t he change i n use of  parcel s of  l and,  wi t h thei r  soci al 
dri vers.  Whi l st  t hi s capaci t y f or  li nkage i s undoubt edl y openi ng up many novel  
research possi biliti es,  i t  i s al so gener ati ng new confli ct s and uncert ai nti es.  Al t hough 
ther e ar e some l egal  pr ecedent s r egar di ng pri vacy ri ght s wi t h r espect  t o hi gh 
resol uti on aeri al  phot ography,  t her e ar e many unresol ved i ssues of  i nt er nati onal  l aw. 
Even i n countri es l i ke t he UK t hat  have r el ativel y wel l  defi ned dat a pr ot ecti on 
l egi sl ati on,  i t  i s uncl ear  whet her  t he pr ovi si on of  post codes constit ut es a br each of 
spati al  confi denti ality.  I n t he USA concer ns have been expr essed by l andowner s 
t hat  dat a f r om r emot el y sensed i mages anal ysed i n t he r esearch envi ronment  coul d 
be used t o expose conf i denti al  i nf or mati on r egardi ng l and- use pr acti ces,  possi bl y 
reveali ng t o gover nment  offi ci al s t hat  t hose pr acti ces ar e vi ol ati ng l and- use 




I n addi ti on t o i ssues of  dat a confi denti ality,  GI S have been criti ci sed as  bei ng 
undemocr ati c due t o t he f act  t hat  t he t echnol ogi es and t hei r  associ at ed dat a ar e 
gener all y onl y avail abl e t o „ elit e‟  i ndi vi dual s si t uated i n commer ci al,  admi ni strati ve, 
and r esearch envi ronment s ( Pi ckl es 1995). Recent  advances,  such as t he 
devel opment  of  i nt er net  based GI S sol uti ons may parti all y r edr ess t hese concer ns. 
However,  t he f act  r emai ns t hat,  whi l st  observational  r esearch may be somewhat 
i mpervi ous t o t hi s anal ysi s,  pr oj ect s i nvol ving t he devel opment  of  mar ket 
i nt erventi ons or  t hose t hat  may pl ay a di rect  r ol e i n poli cy f or mati on do carry equi t y 
rel at ed concer ns.  
Not wi t hst andi ng t he above caveat s,  t her e i s,  we bel i eve,  very consi der abl e scope 
for  t he conti nui ng devel opment  of  GI S appli cations i n t he fi el d of  envi ronment al  
economi cs.  The t echni ques di rectl y addr ess many of  t he l i mi t ati ons i n data handl i ng 
and modelli ng t hat  have restri ct ed pr evi ous i nvest i gati ons.  As i ll ustrat ed by t he wor k 
pr esent ed i n t hi s arti cl e, a wi de vari et y of  r esearch papers have been pr oduced 
usi ng GI S based t echni ques duri ng t he past  f ew year s.  These exempl i f y how t he 
f uncti onality pr ovi ded by GI S packages al l ows t he r esearcher  t o i ncor porat e spati al  
compl exit y di rectl y wi t hi n appli cati ons.  The ability t o i ncor por at e det ail ed i sochr ones 
i nt o tr avel  cost  st udi es,  to assess what  can and cannot  be seen f rom each pr opert y 
i n a hedoni c pri ci ng st udy,  or  t o i ncl ude t he aspect  angl e i n model s of  ti mber  yi el d, 
and t o conduct  all  of  t hese vari ous assessment s i n an aut omat ed f ashi on, 
constit ut es a subst antial  i mpr ovement  i n t he dat a avail ability and consequent 
robust ness of all such studi es.  
It  i s wri t ers‟  beli ef  t hat  f urt her  advances i n t he computi ng power  and f unct i onalit y of 
GI S packages wi ll  stimul at e devel opment  i n f urt her  ar eas of  envi ronment al  
economi c r esearch i n t he f ut ur e.  At  t he mo ment  one parti cul arl y acti ve ar ea of 
devel opment  concer ns t echni ques f or  t he pr oducti on of  vi rt ual  r eal it y 
repr esent ati ons f rom GI S dat abases.  Such Vi rt ual  Realit y GI S ( VRGI S)  syst ems  ar e 
begi nni ng t o be mar keted.  These all ow t he t wo di mensi onal  out put  of  t r aditi onal  
syst ems t o be t ransf or med i nt o t hr ee di mensi onal  „ vi rt ual‟  envi ronment s whi ch can 
be vi ewed or  expl or ed by users ( Fi sher  and Unwi n 2002;  Appl et on et  al .  2002).  The 
devel opment  of  VRGI S opens up t he possi bility t o convey envi ronment al  i nfor mati on 
i n new ways,  and may deli ver  parti cul ar  benefits i n expr essed pr ef er ence t echni ques 
such as conti ngent  val uati on and choi ce experi ment s wher e such syst ems coul d be 
used t o deli ver  scenari os depi cti ng t he l i kel y f utur e st at es of  envi ronment al  goods 
bei ng consi der ed.  
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Furt her mor e,  a current  emphasi s on t he i nt egr ation of  GI S t echnol ogi es i nt o Worl d 
Wi de Web si t es wi ll  open up mor e opport uni ti es f or  t he shari ng of  bot h experi ence 
and dat a,  and f or  t he desi gn of  new survey met hodol ogi es t hat  ar e abl e t o capt ur e 
much mor e het er ogeneous sampl es of  i ndi vi dual s t hat  i t  has been possi bl e t o 
i ncl ude i n t he past.  
Thi s paper  has sought  to hi ghli ght  t o envi ronment al  and r esource economi st s t he 
gr eat  pot enti al  whi ch GI S t echni ques off er  f or  i ncor por ati ng t he spati al  di mensi on 
i nt o appli ed st udi es.  The di versit y of  st udi es di scussed i ll ustrat es t he gr eat  fl exi bility 
and appli cability of  such techni ques t o a r ange of  i ssues.  Such appli cati on off ers t he 
pot enti al  t o si gni fi cantly enhance t he ability of  economi st s t o successf ull y 
i ncor por at e t he compl exi t y of  t he envi ronment  wi t hi n t hei r  empi ri cal  anal yses. 
I ndeed t he pr omi se of  GI S i s t o t ur n t he spatial  di mensi on f rom one t o be ei t her 
i gnor ed or  i nadequat el y r epr esent ed,  i nt o a key el ement  of  empi ri cal  economi c 
i nvesti gati ons of t he real worl d.  
2. 4. 2 Monit ori ng and Assess ment of Land Use St at us by GI S- Turkey 
Ther e i s bound t o be confli ct  over  l and use ( Ozcan,  2002).  Demands f or  any ki nd of 
l and use ar e gr eat er  t han t he l and r esources avail abl e.  I n t he devel opi ng countri es, 
t hese demands become mor e pr essi ng every year  ( FAO,  1993).  How peopl e or 
nati ons use t hei r  l and depends on compl ex,  i nterrel at ed f act ors whi ch i ncl ude t he 
char act eri sti cs of  t he l and i t self,  economi c f act ors,  soci al,  l egal  and politi cal  
constrai nt s, and needs and obj ecti ves of t he l and users ( FAO, 1980).  
Many current  l and use syst ems ar e not  sust ai nabl e i n devel opi ng countries as t hey 
contri but e t o t he l and degr adati on pr obl ems.  Consi deri ng t he ever  i ncr easi ng 
popul ati on i n t he devel opi ng countri es,  t her e i s an i ncr easi ng ur gent  need t o mat ch 
l and t ypes and l and uses i n t he most  r ati onal  way possi bl e,  so as t o maxi mi ze 
sust ai nabl e pr oducti on and t o sati sf y t he di verse needs of  soci et y whi l e conser vi ng 
fragil e ecosyst ems ( FAO, 1993).  
Moni t ori ng t he spati al  and t empor al  changes i n t he Land Use Types (LUTs)  and 
fi ndi ng out  cause and ef f ect  r el ati ons of  t he changes ar e t he cr uci al  i nf or mati on i n 
det er mi ni ng whet her  or  not  t he l and i s used pot enti all y.  I n addi ti on,  t he knowl edge of 
t he l and sui t ability assess ment  i s one of  t he aspect s f or  sust ai nabl e agri cult ure.  The 
set  of  i nf or mati on needed f or  t he l and eval uati on coul d be gr ouped as:  physi cal  l and 
resources,  soci o- economi c i ssues and pr esent  l and use.  Gat heri ng and eval uati ng 
t hese dat a i n conventi onal  met hods coul d be ti me consumi ng,  costl y and subj ect  t o 
some errors i n pr ocessi ng dat a.  
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That  causes some di fficul ti es i n l and eval uati on and moni t ori ng t he changes of 
LUTs.  Ther ef or e,  many l and eval uati on comput er  model s wer e devel oped by 
Schul t hi nk ( 1987),  Van Di epen et  al .  ( 1988),  Rossit er  and Van Wa mbeke ( 1989), 
Yi zengaw and Ver heye (1995),  and Zuhdi  ( 1999).  Moni t ori ng i s usuall y conduct ed 
usi ng r emot el y sensed dat a and gr ound observat i ons.  These dat a can be eval uat ed 
ei t her  manuall y ( Ozcan,  1998)  or  by t he use of  r ecent  t echnol ogi es such as 
Geogr aphi c I nf or mati on Syst em ( GI S)  ( Kos mas et  al .,  1997;  Thwai t es and Sl at er, 
2000)  t hat  may r educe t he pr ocessi ng ti me and t he errors.  Furt her mor e,  l ar ger 
ar eas coul d be assessed easil y and r api dl y.  Usi ng GI S,  enabl es deci si on maker s 
and r esearchers t o moni t or  t he changes i n LUTs and ot her  changes such as 
envi ronment al,  soci al  and economi cal  si t uati ons resul t ed f rom t he l and use changes. 
I n Turkey,  t her e ar e some l and eval uati on and l and use pl anni ng st udi es. However, 
t hey ar e not  pr acti ced i n r eal  lif e;  and i t  i s not  a common pr acti ce t o use GI S 
techni ques i n moni t ori ng and assess ment of l and use st at us, yet it i s practicabl e.  
The pri nci pl e obj ecti ves of  t hi s paper  ar e t o moni t or  and assess t he spati al  and 
tempor al  changes i n LUTs by usi ng GI S,  and t o det er mi ne t he mai n f act ors aff ecti ng 
t he changes.  The paper  al so ai ms t o det er mi ne whet her  t he pr esent  l and use st at us 
conf or ms t o l and pot ential  or not.  
I n t he st udy ar ea,  f ar mers need t o i rri gat e agri cultur al  cr ops gr own i n t he peri od f r om 
April  t o November  due t o t he l ack of  r ai nf all.  Thr ee maj or  soi l  seri es wer e 
det er mi ned:  Canakci ,  Arikli  and Mur sel ,  out  of  whi ch Canakci  and Mur sel  seri es ar e 
hi ghl y suit abl e ( S1) f or al l ki nd of LUTs gr own potenti all y i n t he regi on.  
Twel ve di ff erent  LUTs wer e i dentifi ed.  Cor n was t he most  wi del y cul tivat ed LUT 
because i t  needs l ower  pr oducti on cost s and l abor.  Pr oduced maps showed t hat 
LUTs changed i n space and ti me.  Spati al  and tempor al  changes i n LUTs  coul d 
cause seri ous pr obl ems at  t he peak i rri gati on season,  especi all y i n vi ew of  i rri gati on 
and dr ai nage canal  capaci t y.  As i ndi cat ed by other  r esearchers,  spati al  maps of 
LUTs depi ct ed hi ghl y cl ust eri ng attri but abl e t o t he f ar mer‟ s habi t  and nei ghbor  eff ect. 
Moni t ori ng of  LUT change coul d be used f or  f uture devel opment  and remodeli ng 
st udi es.  
Land sui t ability r esul t s i ndi cat e t hat  Canakci  and Mur sel  seri es have S1 and Ari kli 
seri es has S3 sui t ability cl asses f or  ci trus pl ant ation pot enti all y.  Mat chi ng soil  seri es 
maps wi t h ci trus pl antati on maps demonstrated t hat  t he l and  was not  used 
accor di ng t o t he pot ential .  Land sui t ability assess ment  showed t hat  i f  any f ar mer 
uses Ari kli  seri es f or  ci trus pl ant ati on,  a 40 % yi el d r educti on woul d l i kel y occur. 
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Document ed act ual  ci trus yi el d dat a uphel d t he concl usi on.  Consi dering al l  t he 
f act ors aff ecti ng l and sui t ability,  benefit/cost  r ati o and economi cal  condi ti ons i n 
Tur key 58 % of  l and i s not  used at  i t s pot enti al.  The fi ndi ngs of  t hi s st udy coul d be 
empl oyed i n t he ar eas wher e t he agr o- ecol ogi cal  and economi cal  si t uati ons ar e t he 
same as t he st udy ar ea.  
2. 4. 3. GI S- based I nf or mati on Fl ow i n a Land- use Zoni ng Revi ew Pr ocess-
Tai wan 
Thi s wor k,  from Tai wan,  descri bes a geogr aphi cal  i nf or mati on syst em ( GI S)-based 
i nf or mati on fl ow f or  a l and- use zoni ng r evi ew pr ocess ( Li n, 2000).   GI S t echnol ogy i s 
empl oyed not  onl y t o edit  and di spl ay maps as conventi onal  GI S appli cati ons,  but 
al so t o enhance wor k quality.  These enhancement s i ncl ude an expl or ati on of  hi dden 
i nf or mati on,  t he pr oducti on of  t ent ati ve zoni ng maps,  r ecogni zi ng pot enti all y 
pr obl emati c ar eas,  conducti ng cr uci al  si t e i nvesti gati ons,  f acilit ati ng i nf or mati ve 
publi c heari ng, and pr esenti ng pot enti al poli ci es.  
I n t he case of  t he Yang- Mi ng- Shan ( YMS)  Nat i onal  Par k,  Tai wan,  a GI S- based 
i nf or mati on fl ow i s empl oyed t o assi st i n t he l and-use zoni ng revi ew pr ocess.  
Thi s GI S- based i nf or mation syst em r eveal s several  f eat ur es i ncl udi ng:  
 a new, mor e compl i cat ed and eff ecti ve i nf or mati on fl ow;  
 cl ose coor di nati on of computi ng and noncomputing sub- pr ocesses;  
 pri or  i dentifi cati on of  over  and under-regul at ed ar eas t o avoi d pot enti al  
appeal s and confli ct s;  
 economi cal  and eff ecti ve sit e i nvesti gati ons;  
 pot enti al poli ci es est abli shed f or bot h pri vat e and publi c l and.  
GI S- based i nf or mati on f l ow as shown i n Fi g.  2. 2,  t akes advant age of  t he GI S 
technol ogy by f ull y utili zing t he spati al  i nf or mati on and ext ensi vel y i nt er acti ng wi t h 
t he noncomputi ng i nf ormati on,  i ncl udi ng l andhol ders‟  appeal s,  publi c heari ng, 
commi tt ee opi ni ons, and si t e i nvesti gati ons.  
Aft er obt ai ni ng t he di git al  dat a set s and spati al criteri a, t he t echni ques of spati al 
anal yses i n GI S ar e empl oyed t o:  
 construct t ent ati ve zoni ng maps;  
 i dentify t he pot enti all y probl emati c areas;  
 t est “ what-if” rel ati ons,  
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Fi gure 2. 2 GI S- based i nfor mati onal  fl ow i n zoni ng revi ew pr ocess (Li n, 2000).  
A GI S- based l and- use zoni ng r evi ew pr ocess t hat  i s descri bed i n t hi s arti cl e, 
demonstrat es a f easi ble appr oach t o i nt egr ate computi ng and noncomputi ng 
pr ocesses r esi di ng i n t he zone pl anni ng.  The GI S- based comput ati onal  flow i mpl i es 
a possi bl e i mpl ement ati on of  pl anni ng support  syst ems i n t he f ut ur e.  Thi s wor k al so 
demonstrat es how spati al  crit eri a can be speci fi ed i n an oper ational  way. 
Parti cul arl y,  concept s of  accessi bility,  settl ement  cl ust ers,  and veget ati on-sensi ti ve 
ar eas ar e cl arifi ed i n t erms of GI S comput ati on.  
However,  t he GI S- based pr ocess may be modi fi ed or  i mpr oved i f  addi ti onal  
dat abases or  new t echnol ogi es ar e avail abl e.  Furt her mor e,  t he case of  t he YMS 
Nati onal  Par k i ll ustrat ed t hat  GI S t echnol ogy hel ped t he pl anni ng agency a l ot.  By 
adj usti ng t he wor k fl ow,  pr ovi di ng suffi ci ent  i nfor mati on and anal yzi ng pot enti al  
pr obl ems i n a syst emati c way,  noncomputi ng pr ocesses,  i ncl udi ng fi el d 
i nvesti gati ons,  publi c heari ng,  and zone pl an r evi ew,  pr oceeded i nf or mati vel y and 
eff ecti vel y.  Thi s experi ence i s encour agi ng.  It  i s expect ed t hat  t he GI S- based 
pr ocess can be f urt her  gener ali zed so t hat  not  onl y ot her  nati onal  parks but  al so 
gener al cit y pl anni ng can take advant age of GI S technol ogy.  
 16 
2. 4. 4.  Landscape I nf ormati on Syst em:  A GI S Appr oach t o Managi ng Ur ban 
Devel opment- Sout h Korea 
I n t he case of  t he Seoul , t he capi t al  of  Sout h Korea,   Landscape I nf or mation syst em 
(LSI S)  i s empl oyed t o manage t he ur ban l andscape i nf or mati on and anal yze t he 
vi sual  i mpact s of  pr oposed devel opment  proj ect s ( Oh,  2001).  Empl oyi ng 
Geogr aphi cal  I nf or mation syst em ( GI S)  and comput er  gr aphi cs si mul ati on 
t echni ques,  LSI S perf orms  such f uncti ons as,  i nput  and management  of  gr aphi c and 
atti ri but e dat a, query anal yses of  attri but es r el at ed t o ur ban l andscape el ement s,  and 
vi sual  i mpact  ( vi ew  obstructi on)  anal ysi s of  devel opment  pr oposal s as gi ven i n 



























Fi gure 2. 4 Mai n f uncti ons of LSI S ( Oh, 2001) 
 
 
Fi gure 2. 5 The pr ocess of vi sual  i mpact anal yses wi t hi n LSI S ( Oh, 2001)  
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The LSI S i n t hi s st udy was devel oped wi t h t he ai m of  bei ng a si gnifi cant  tool  whi ch 
can meani ngf ull y contri but e t o pr acti cal  and effi cient  ur ban l andscape management 
of l ocal  gover nment s. 
The contri buti ons of LSIS may be ref erred as f ollows;  
Usi ng LSI S,  a compher ensi ve l andscape anal ysi s can be i mpl ement ed by 
i nt egr ati ng vari ous l andscape dat a i n a syst emati c manner.  The appli cati on of 
comput er  t echni ques l i ke GI S and comput er  graphi cs si mul ati ons t o t he ur ban 
l andscape anal ysi s and management  pr ocess,  i n t he f or m of  a deci sion-support 
syst em,  can hel p t o si mplify compl i cat ed vi sual  anal yses.  Thi s i n t ur n can al l ow f or 
rapi d and accur at e appr ai sal s of i mpact s of proposed devel opment proj ects.  
I mpact s on t he l andscape by devel opment  pr oj ect s can be pr edi ct ed i nt er acti vel y 
and compari sons wi t h the si mul ati ons of   “ befor e”  and “ aft er”  can be pr esent ed 
vi suall y, f ost eri ng t he pr oducti on of mor e sound resol uti ons.  
Long-t er m changes i n t he l andscape can be const antl y moni t or ed t hr ough updati ng 
dat a r egul ary,  and vul nerabl e l andscape r esources can be eff ecti vel y managed by 
conducti ng l andscape anal yses and appr ai sals i n advance.  I n f act,  subst anti al 
porti ons of  t he dat abase of  LSI S can be r egul arly mai nt ai ned by ot her  i ndependent 
sources due t o dat a shari ng,  and t her eby i mpr ovi ng t he effi ci ency of  dat a 
management. 
Exami nati ons can be r ender ed on vi sual  aspect s i n t he ur ban l andscape,  as wel l  as 
f or  l egal  r el evancy of  devel opment  pr oposal s,  such as i ssues r el ati ng t o archi t ect ur al  
and pl anni ng regul ati ons. 
Soci al,  economi c and demogr aphi c aspect s,  used j oi ntl y wi t h LSI S,  can hel p t o 
pr ovi de pr of essi onal s wi t h a mor e t hr ough underst andi ng on how t o successf ull y 
cope wi t h i ncr easi ngl y compl i cat ed ur ban l andscape management probl ems.  
2. 4. 5.  Assessi ng Poll uti on Ri sks t o Wat er  Suppl y I nt akes Usi ng Geogr aphi cal 
I nf or mati on Syst ems (GI S) - Britai n 
Thi s paper  ( Fost er  and Mcdonal d,  2000),  has i llustrat ed t he pot enti al  appli cati on of 
geogr aphi cal  i nf or mati on syst ems t o t he assess ment  of  ri sks t o a publi c wat er 
suppl y i nt ake i n Bri t ai n.  The exampl es gi ven i nclude GI S overl ay t o i denti fy ar eas of 
pot enti al  hazar d,  t he use of  GI S i n t he pr obabili sti c modelli ng of  ri sks,  and t he 
pr edi cti on of  stream wat er  quality.  The f uncti onal ity of  t he GI S has al so been shown 
to be suit abl e f or t he derivati on of raw wat er moni tori ng strat egi es.  
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The appr oaches descri bed i n t hi s paper  i ll ustrate t he pot enti al  use of  computi ng 
t echni ques,  and GI S i n parti cul ar,  i n poll uti on risk assess ment  f or  wat er  r esour ce 
pr ot ecti on.  The pot enti al  f or  such appr oaches t o be appli ed t o all  st ages of  a ri sk 
assess ment  pr ocess has been i dentifi ed.  Geogr aphi cal  i nf or mati on syst ems 
ther ef or e have consi der abl e ability t o enhance pol l uti on ri sk assess ment  t hrough t he 
st or age,  anal ysi s and management  of  envi ronment al  dat a.  Two GI S soft war e 
packages have been utili sed t oget her  her e,  each wi t h i ndi vi dual  strengt hs and 
weaknesses.  The MapI nfo soft war e pr oved t o be vi t al  i n t he anal ysi s of  t he r aw dat a 
due t o t he ability t o combi ne cell s based on bot h t hei r  geogr aphi c l ocati on and t hei r 
associ at ed attri but es.  In addi ti on,  t he deskt op mappi ng capabi liti es of  WI NGS 
combi ned wi t h t he i nnovati on of  GI SLAB pr ovi des r eali sti c pot enti al  f or  the out put 
from a poll uti on ri sk „ expert syst em‟  t o be avail able acr oss a cor por at e- wi de i ntranet.  
Thi s r esearch al so demonstrat ed t hat  t he computing power  now commonl y avai l abl e 
on deskt op and l apt op PCs  has t he pot enti al  t o anal yse and di spl ay geographi call y 
ref er enced out put  from envi ronment al  model s,  and f or  t hi s i nf or mati on t o be made 
avail abl e t o a si gnifi cant  nu mber  of  users acr oss a l ar ge utility company,  i ncl udi ng 
mobi l e and home wor kers.  
2. 4. 6. Sust ai nabl e Land- use Pl anni ng i n Pr ot ected Rural Areas-Ital y 
The st udy ( Senes and Toccoli ni,  1998),   i s concerned wi t h eval uati ng t he possi bility 
of  ext endi ng t he appli cat i on of  t he met hod t o an ar ea,  such as t he „ Parco del  Seri o‟  
It al y ,  char act eri zed by an envi ronment  ri ch i n nat ur al  f eat ur es but  pr of oundl y 
modi fi ed by human i nt erventi on,  i n or der  t o defi ne a „ pl an of  t he envi ronment al  
pr econdi ti ons‟  t o be adopt ed duri ng a sust ai nabl e pl anni ng pr ocess and whi ch 
i ndi cat es t he r estri cti ons and t he pot enti al  f or  devel opment  of  human acti viti es ( wi t h 
parti cul ar  r egar ds t o t ouri sm and r ecr eati onal  acti viti es)  i n r el ati on t o t he exi sti ng 
envi ronment al  r esources and t he ecol ogi cal  st ability of  t he t errit ory.  Thi s appl i cati on 
of  t he Ul ti mat e Envi ronment al  Thr eshol d,  UET,   met hod made use of  t he GI S 
technol ogy f or  t he anal ysi s and pr ocessi ng of  t he dat a acqui red and t he 
pr esent ati on of t he resul ts.  
The ai m of  t he st udy was t o i dentif y t hose ar eas sui t abl e f or  t he expansi on of  t he 
human acti viti es al ready pr esent  wi t hi n t he park compati bl e wi t h t he abi lity of  t he 




The pr oj ect i nvol ved t he f oll owi ng phases:  
 I dentifi cati on and eval uati on of  t he r esources pr esent  i n t he t errit ory;  wi t h 
parti cul ar  r ef er ence t o t he nat ur al  r esources of  wat er,  soil,  veget ati on,  f auna 
and l andscape and t he human resources expr essed t he vari ous l and uses,  
  Defi niti on of  t he acti viti es t o be devel oped i n t he ar ea;  wi t h parti cular 
att enti on bei ng pai d t o resi denti al,  i ndustri al,  agri cult ural  and r ecr eati onal  
devel opment s;  and t he subsequent  anal ysi s of  t he i nt errel ati onshi ps 
bet ween r esources and acti viti es i n or der  t o i dentif y t he demands and t he 
eff ect s of  t he devel opment s,  whi ch ar e pr esent edi n gr aphi cal  f or m i n  
Fi gur es 2. 6, 2. 7 and 2. 8.  
 Defi niti on and i dentifi cation of  t he ar eas sui t abl e t he expansi on of  t he various 
acti viti es. 
Fi gure 2. 6 Envi ronment al  resources requi red by human acti viti es, Matri x 1  







   Fi gure 2. 7 I mpact s of human acti viti es on envi ronment al resources, Mat ri x 2 
                      ( Senes and Toccoli ni, 1998)  
I n t he l ast  phase,  t he areas sui t abl e f or  hosti ng t he devel opment  of  the vari ous 
human acti viti es wer e i dentifi ed i n r el ati on t o t he li mi t s i mposed by t he r esources of 
t he nat ur al and human envi ronment present i n t he t errit ory ( Paol etti et al., 1989). 
To t hi s end,  t he i nf or mat i on cont ai ned i n t he syntheti c map of  each r esource edi t ed 
duri ng t he r esource anal ysi s and eval uati on phase wer e pr ocessed wi t h t he GI S ( pc 
ARC/I NFO)  t hr ough an overl ay pr ocedur e utili zing t he crit eri a emer gi ng f r om t he 
mat ri ces.  I n t hi s way,  a di gi t al  map i s obtai ned conti nui ng all  t he possi bl e 







Fi gure 2. 8 Synt hesi s of the rel ati onshi ps bet ween t he resources and t he acti viti es,      
       Matri x 3  ( Senes and Toccoli ni, 1998)  
Co mpari ng t he i nf or mation deri vi ng f rom t he compi l ati on of  t he matri x of  synt hesi s 
wi t h t hi s di gi t al  map,  i t  i s possi bl e t o i dentif y t he areas sui t abl e f or  expansi on of  each 
type of  human acti vity;  the acti viti es may be devel oped i n t he ar eas i n whi ch t he 
exi sti ng r esources ar e compati bl e i n t er ms of  avail ability and i mpact  sensi ti vit y 
( Huyck, 1993). 
Thi s pr oj ect  demonstrate t hat  t he phil osophy of  t he UET met hod adapted t o t he 
It ali an si t uati on can be very usef ul  f or  a sust ai nabl e l and- use pl anni ng.  In f act,  t he 
concl usi ve r esul t s of  t he appli cati on can r epr esent  t he basi s f or  a pl an of  t he 
envi ronment al  pr econdi tions t o be adopt ed duri ng t he pl anni ng pr ocess and whi ch 
i ndi cat es t he r estri cti ons and t he pot enti al  f or  devel opment  of  human acti viti es i n 
rel ati on t o t he exi sti ng envi ronment al  r esources and t he ecol ogi cal  st ability of  t he 
t errit ory.  
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The use of  GI S t echnol ogy i n appl yi ng t hi s ki nd of  par ametri c met hods repr esent  a 
f undament al  and powerful  t ool  i n t he pl anni ng process f or  consi deri ng a ver y l ar ge 
and exhausti ve r ange of  t hemati c l ayers ( Senes and Toccoli ni,  1998).  Thr ee 
exampl es ar e l and- use capability f or  vari ous human acti viti es ar e gi ven i n Fi gur es 
2. 9, 2. 10, 2. 11.  
Fi gure 2. 9 Ar eas suit able f or resi denti al devel opment ( Senes and Toccolini , 1998)  
 24 



















                       
 
    
                                                                                                                   
Fi gure 2. 10 Ar eas suit abl e f or popl ar cul ti vati on       Fi gure 2. 11 Ar eas sui t abl e f or trekki ng    
                                  ( Senes and Toccoli ni, 1998)                                                                                     ( Senes and Toccoli ni, 1998) 
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2. 4. 7 The Appli cati on of GI S t o Ai r Quality Analysi s i n Tai chung City-Tai wan 
Thi s paper  by Li n and Li n ( 2002),  pr esent s a pr el i mi nary st udy f or  t he eval uati on of 
transport-rel at ed ai r  polluti on si t uati ons i n an urban ar ea.  Submodel s used i n t hi s 
st udy ar e i nt egr at ed i n a GI S,  whi ch i s abl e t o utili ze t he spati al  i nf ormati on and 
descri be t he ur ban r oad net wor k and t he di stri buti on of  t he poll ut ant s i n t he 
at mospher e.  The esti mati on of  mobil e source emi ssi ons and poll ut ant  di stri buti on 
anal ysi s i n Tai chung Ci t y,  Tai wan,  ar e used as a case st udy.  The mai n GI S mappi ng 
f eat ur es ar e al so descri bed.  
The model  devel oped i n t hi s r esearch i nt egr ates sever al  submodel s such as t he 
emi ssi on esti mati on model ,  di spersi on model , backwar d t raj ect ory model  and 
rel evant  spati al  and attribut e dat a i n a GI S f ramewor k.  The enti re syst em i s t hen 
appli ed t o esti mati ng emi ssi ons f rom mot or  vehi cl es and anal yzi ng t he spati al  
di stri buti ons of  ai r  poll utant s i n an ur ban ar ea.  The struct ur e of  t he enti re syst em i s 
shown i n Fi g.  2. 12.  The GI S pl atf or m used i n t hi s r esearch i s t he Ar cVi ew package 













Fi gure 2. 12 The struct ure of t he i nt egr at ed GI S model  (Li n and Li n, 2002) 
The model  devel oped i n t hi s st udy can al so be used t o assess t he i mpact s of 
di ff erent traffi c management poli ci es on ai r quality.  
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Si nce ai r  poll uti on pr oduced by r oad traffi c has become a maj or  concern t o ur ban 
pl anners,  devel opers and heal t h offi ci al s,  it  i s necessary t o check mor e f requentl y on 
t he poll ut ant  emi ssi on quantiti es and t hei r  spati al  di stri buti ons and al so t o eval uat e 
t he vari ati on of  t hese si tuati ons caused by changes i n cert ai n tr affi c management 
poli ci es or  tr affi c condi tions.  Hence,  t her e ar e gr owi ng needs f or  t ool s t hat  can 
pr ovi de an easy access to obt ai n up-t o-dat e mobile source emi ssi ons i nf ormati on.  
The i nt egr at ed model  whi ch combi ned emi ssi on esti mat or,  di spersi on model  and 
dat abases i n a GI S f ramewor k shoul d be a sui t abl e t ool  t o sati sf y t he needs 
menti oned above.  The resul t s of  t hi s r esearch show t hat  t he vi suali zati on and 
anal yti cal  f eat ur es of  GI S di d pr ovi de mor e i nf ormati on and conveni ence t o users.  It 
al so makes t he model  mor e effi ci ent and fl exi bl e.  
2. 4. 8. Habitat Eval uati on Usi ng GI S: A Case Study Appli ed t o t he San Joaqui n 
Ki t Fox- Calif orni a, USA 
Thi s wor k of  Gerr ar d et  al .  ( 2001)  use GI S dat a and modelli ng t o defi ne a spati all y 
expli cit  anal ysi s of  habi tat  val ue,  usi ng t he San Joaqui n Ki t  Fox of  Cal if orni a ( USA) 
as an exampl e.  I n t hi s paper,  t he dat a i s appli ed from Nort her n Cal if orni a t o deri ve a 
s mall -cell  GI S r ast er  of  habi t at  val ue f or  t he ki t  f ox t hat  i ncor por at es both i ntri nsi c 
habi t at  quality and nei gbor hood cont ext,  as well  t he eff ect s of  barri ers such as 
roads.  Such a pr oduct  i s a usef ul  basi s f or  assessi ng t he pr esence and amount s of 
good and poor  quality habi t at  and f or  event uall y constructi ng GI S r epr esent ati ons of 










































Fi gure 2. 13 Pr ocess overvi ew ( Gerrar d et al., 2001)  
The strat egy i n t hi s paper  was t o i ncor por at e as much bi ol ogi cal  i nf ormati on as 
possi bl e t o cr eat e a model  of  spati al  habi t at  val ue i n a GI S f or mat.  The veget ati on 
map was t he mai n envi ronment al  l ayer  because of  known f eedi ng behavi or  and 
habi t at  use by t he ki t  f ox.  The i ntri nsi c cell  val ues ar e assi gned and t hen used t he 
GI S t o pass a spati al  filt er  over  t he i nstri nsi c habi t at  val ues,  l eadi ng t o a 
“nei ghbor hood eff ect”  t hat  measur ed t he spati al  cont ext  of  each cell.  The fi nal  r esul t 
was a map of  pot enti al  habi t at  val ue f or  t he ki t  f ox t hat  combi ned i nsti nc and 
nei gbor hood val ue and al so i ncor por at ed r oad barri ers.  The t ot al  habi t at val ues f or 
t he regi on i s shown i n Figur e 2. 14.  
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Fi gure 2. 14 Tot al habi t at val ues f or t he San Joaqui n Ki t Fox  ( Gerrar d et al., 2001) 
The anal ysi s of  pot enti al  habi t at  her ei n i s ul ti mat ely an i nput  t o ot her  questions such 
as:  what  si ze,  t ype and number  of  bl ocks of  habi tat  woul d be necessary t o conser ve 
t hi s r el ati vel y wi de-rangi ng speci es? How much of  t he best  quality ki t  f ox habi t at  i s i n 
t he most i mmi nent danger of l oss?  
Assumi ng pl anned devel opment  pr oj ect s go on,  how much ki t  f ox habi t at  woul d 
remai n wi t hi n t he next  10 year s hence and i n what  spati al  confi gur ati on? What  ar eas 
shoul d be consi der ed f or acqui siti on i f  mi ti gati on f unds become avail abl e? The GI S 
habi t at  val ue model  derived i n t he paper  can provi de a needed basi s f or  r egi onal  
assess ment  of  t hi s i mpor tant  ma mmal .  Furt her more,  many ot her  speci es coul d have 
thei r pot enti al habi t at eval uat ed usi ng t he same basi c appr oach.  
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3. CASE STUDY 
The di rect  and or  i ndi rect  eff ect  of  human acti viti es on coast al  ecosystems  have 
accel er at ed consi der abl y i n r ecent  years and t he i mpact  of  such changes on t hese 
sensiti ve and economi call y i mport ant  envi ronment s i s now of  maj or  concer n.  
Coast al  wat ers usuall y recei ve hi gh amount s of  nutri ent  l oads ori gi nati ng f r om ei t her 
poi nt  and or  non- poi nt  sources t hat  have l ed t o rapi d i ncr ease i n eutrophi cati on i n 
al most all around t he worl d. 
To cope wi t h t hi s phenomenon,  ecol ogi cal  modeli ng st udi es have al so gai ned 
si gnifi cance i n par all el  t o envi ronment al  det eri orati on.  Sci enti st s wor ki ng i n t hi s fi el d 
ar e nowadays deali ng with t he eutrophi cati on concept  i n a wi der  sense,  t aki ng i nt o 
consi der ati on t he envi ronment al  condi ti ons r el ated bot h t o i nt er nal  and ext er nal  
f act ors such as soil  haract eri sti cs,  geogr aphi cal  and hydr ol ogi cal  condi tions,  l and-
use,  soci al  char act eri sti cs of  t he ar ea,  and cli matic condi ti ons.  Up t o dat e,  traditi onal  
att enti on has been gi ven t o t he wat er  body i t self,  wi t h spati all y consi st ent 
par amet ers.  However,  i t i s now obvi ous t hat  the dr ai nage ar ea shoul d be wel l 
defi ned i n all  aspect s so as t o obt ai n suffi ci ent  i nput  dat a needed i n ecol ogi cal  
model i ng f or  sust ai nabl e management.  Defi nition of  t he current  pr operti es of  t he 
regi on t oget her  wi t h t he curr ent  wat er  quality dat a woul d t hen l ead t o model i ng 
st udi es.  
The met hodol ogy of  deter mi ni ng t he l and based sources of  poll uti on and t he wat er 
quality t o obt ai n suffi ci ent  i nf or mati on on t he underst andi ng of  t he ecol ogy of  t he 
ar ea ar e descri bed i n t he f oll owi ng part s ui ng t he Köyceği z Lake- Dal yan Lagoon as 
an exampl e. 
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3. 1. Descri pti on of t he Wat ershed 
Köyceği z Lake- Dal yan Lagoon wat ershed ( Fi gure 3. 1)  i s l ocat ed at  t he sout hwest  of 
Tur key wher e t he Lake j oi ns t he Lagoon and t he Lagoon j oi ns t he Medi t erranean 
Sea.  Part  of  t he ar ea has been decl ar ed as Speci al  Pr ot ecti on Ar ea by t he Tur ki sh 
Gover nment  i n 1988,  because i t  i s a uni que area and i s a good exampl e of  an 
i mport ant  ecosyst em wi th hi gh di versit y of  speci es and of  i nt ense bi ol ogi cal  acti vit y.  
The wat ershed covers appr oxi mat el y 1200 k m
2
 of  l and i ncl udi ng Sül üngür,  Al agöl  
and İ zt uzu Lakes.  The l akes and Dal yan Channel  syst em ar e utili zed f or  fisher y and 
recr ati onal  pur poses.  The ar ea possesses t he beatif ul  r ui ns of  Anci ent  ci t y of 
Caunos and 4t h  cent ury BC Lyci an r ockt ombs near  t he seasi de.  I zt uzu Beach at  t he 
Medi t erranean coast  of  the sr ea i s one of  t he most  beatif ul  beaches of  Turkey and i s 
t he nesti ng and br eedi ng ground of Car ett a Car etta sea t urtl es.  
 
Fi gure 3. 1 Locati on of t he wat ershed i n Turkey and it s 3D pl an vi ew  









3. 1. 1. Cl i mati c Conditi ons 
Cl i mati c condi ti ons ar e one of  t he i mport ant  ext ernal  f act ors of  a dr ai nage ar ea,  as 
met eor ol ogi cal  dat a ar e used i n det er mi ni ng t he physi cal,  chemi cal  and bi ol ogi cal  
mechani s ms and regi on rat es occuri ng bot hon l and and i n wat er.  
The ar ea i s char act eri zed by t he t ypi cal  Medi t erranean cli mat e.  Dr y and hot  summer 
season,  war m and r ai ny wi nt er  season i s the mai n cahar act eri stics of  t he 
Medi t erranean cli mat e.  The r egi on i s controll ed by t he t errest eri al,  mari ne or  semi -
mari ne and semi -t erresteri al  l ow and hi gh pr essur e syst ems,  but  hi gh pr essur e 
syst em i s mor e eff ecti ve.  
The hi gher  aver age t emper at ur e ( 2- 3 0 C)  of  t he Medi t erranean wat er  t hat  constit ut es 
t he sout h bor der  of  t he wat ershed,  t han ai r  t emper at ur e t oget her  wi t h t he pr operti es 
of  t he pr essur e syst ems ar e t he t wo domi nant  fact ors aff ecti ng t he cli mat e of  t he 
wat ershed.  
Köyceği z met eor ol ogi cal  st ati on i s sel ect ed as t he r epr esent ati ve st at i on of  t he 
wat ershed.  The annual  aver age t emper at ur e ( 28-year  aver ages)  i s 18, 2 0 C wi t h an 
aver age rati onal  humani ty of 4%.  
Annual  preci pit ait on, evapor ati on and aver age t emper at ur e val ues of Köyceği z 
st ati on f or years 1983- 2000 ar e gi ven i n Tabl e 3. 1. 
I n Köyceği z st ati on,  t he annual  aver age wi nd speed i s 1, 3 m/ sec f or  22-year  peri od. 
When t he number  of  bl owi ng wi nds ar e compar ed,  t he maxi mu m val ue f or  t he wi nd 
i s f ound as SSE di recti on wi t h an annual  speed of  2, 0 m/ sec.  On t he ot her  hand,  t he 
wi nd wi t h a maxi mum speed of 2, 3 m/ sec has a directi on of NNE.  
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Tabl e 3. 1 Met eor ol ogi cal  Dat a of Köyceği z St ati on f or Years 1983- 2000 
                ( SMW,  2000)  
                
Year s 
Annual  
Pr eci pit ati on ( mm)  
Annual  
Evapor ati on ( mm)  
Aver age 
Te mper at ur e (
0
C) 
1983 1119, 6 1115, 2 23, 15 
1984 1027 1412, 8 23, 88 
1985 1007, 4 1459, 4 24, 16 
1986 868, 7 1396, 2 24, 21 
1987 916, 9 1340, 2 23, 32 
1988 1263, 6 1360, 7 23, 79 
1989 783, 3 1274, 2 24, 33 
1990 685, 4 1377, 4 24, 3 
1991 931, 4 1274, 8 23, 46 
1992 720, 2 1159 23, 29 
1993 832, 7 1217, 9 24, 37 
1994 1421, 2 1213, 3 24, 74 
1995 1069, 5 1090, 5 24, 58 
1996 1356, 8 1330, 9 24, 42 
1997 1123, 7 1062, 2 23, 6 
1998 1534, 3 1071 24, 76 
1999 954, 3 1085, 3 25, 2 




3. 1. 2. Hydr ol ogi cal and Hydr ogeol ogi cal Struct ure 
Köyceği z Lake,  wi t h a surf ace ar ea of  54, 5 k m2,  has char act eri sti cs of  a slightl y sal t y 
l ake.  It  i s f ed by vari ous wat er  r esources such as;  cr eeks,  gr oundwat er,  spri ngs and 
wat er  carri ed by dr ai nage channel s.  The mai n cr eeks whi ch f eeds t he Lake ar e; 
Na mna m,  Yuvarl ak,  Kar gı cak,  Yangı,  Deği rmender e,  Çaml ı der e,  Kocaöz and 
Çak mak.  
Na mna m i s t he most  i mport ant  of  t hem wi t h an aver age fl ow r at e of  10,83 m/ sec 
and dr ai nage ar ea of  283 k m2.  The Lake has a maxi mu m dept h of  30 m.  Ther e al so 
exi st s regi onal  hol es up to 70 m.  
The Lake i s basi call y f ed by gr oundwat er.  The hydr auli c sl ope of  gr oundwat er  i s 
strai ght  t o t he Köyceği z Lake,  t he sea and Dal yan Lagoon.  The seasonal  
gor undwat er  l evel  vari ations ar e 0, 5- 6, 55 m bet ween May and November  ( Gönenç 
et al., 2002). 
The onl y outl et  of  t he Lake i s t he Medi t erranean Sea t hr ough Dal yan Lagoon.  The 
Lagoon whi ch combi nes t he Lake t o t he sea has a l engt h of  14 k m and dept h of  1, 5-
2 m.  
Hydr ogeol ogi cal  struct ure of  t he wat ershed i s si gni fi cant  i n t er ms of  under st andi ng 
t he movement  of  gr oundwat er  and i n det er mi ning t he surf ace r un- off  constit uent s. 
The char act eri sti cs of  a syst em ar e cl osel y r elat ed t o t he soil  pr operties of  l and, 
whi ch i s i n t ur n,  based on geol ogi cal  struct ur e of  t he r egi on.  Thus,  geol ogy and 
hydr ogeol ogy of  a r egi on aff ect  wat er  transport ati on mechani sms and wat er 
constit uent s. 
Geol ogi cal  struct ur e of  t hi s syst em per mi t s seawat er  i nstrusi on t o t he Dal yan 
Lagoon syst em.  Ther e al so exi st s hot  spri ngs i n t he r egi on.  Sul t ani ye,  Veli bey, 
Çavuş and Kokar gi r me ar e t he most  i mport ant  ones among t hem.  Sul t ani ye has a 
hi gh l evel  of radi oacti vit y. 
3. 1. 3. Fl ora and Fauna 
As  t he whol e wat ershed i s aff ect ed by t he Medi terranean cli mat e,  i t  has t he t ypi cal  
Medi t erranean fl ora.  The maj orit y of  wetl ands are cover ed wi t h r ushes and r eeds, 
wher eas t he hill s ar e f orest  zones.  Li qui damber  ori ent ali s f or est s are i n t he 
nort hwest  of  Köceği z Lake,  whi ch i s peculi ar  to sout hwest  anat oli a and r hodes 
Isl and.  
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The mai n veget ati on cover of t he wat ershed ar e;  
 rushes and r eeds t hat  cover  t he wetl ands and mar shes,  i n and ar ound t he 
Köyceği z Lake and Dal yan Lagoon del t a, 
 typi cal Medi t erranean scrub veget ati on,  
 f orest s. 
Al most  all  t he pl ai n or  cl ose t o pl ai n l and i s devot ed t o agri cult ure,  and t he mai n 
agri cult ural  cr ops l i ke citrus fr uit s,  cott on,  sesame,  cor n and wheat,  and hi gher 
regi ons oli ve gr oves enrich t he veget ati on cover.  
Iri s xant hospuri a,  an i ri s speci es peculi ar  t o t he regi on,  i s spr eadi ng i n t he aquati c 
zones, mar shes and Li qui damber ori ent ali s f orests. 
Red pi ne and  Li qui damber  ori ent ali s ar e of  gr eat  i mport ance i n t he wat er shed as 
t hey ar e endemi c t r ees i n Tur key.  Ther e i s a Li qui damber  ori ent ali s f or est  of  8 ha i n 
t he nort heast of t he Lake, whi ch i s under pr ot ecti on.  
Ther e i s a l ong dr y peri od due t o Medi t erranean char act eri sti cs,  mosses f ound at  t he 
bott om part s of l eaf y trees and pi nes ar e i mport ant t o keep soil moi st. 
It  i s esti mat ed t hat  t here ar e 700 fl ower  pl ant s,  needl es and f er n speci es i n t he 
regi on; envi ronment all y import ant speci es of t he regi on ar e gi ven i n Tabl e 3. 2.  
Tabl e 3. 2 Envi ronment al l y I mport ant Fl ora Speci es i n t he Wat ershed  
                 ( Seç men and Lebl ebi ci, 1980)  
Ci st us creti us Li qui damber ori ent ali s 
Col chi cum Luni pus angustif oli us 
Cycl emen trochopt er ant hum Pi nus br uti a 
Eri ca St er nber gi a ei scheri ana 
Hyaci nt hus ari ent ali s Typha sp.  
Iri s xant hospuri a  
Ti ll  now,  180 bi rd speci es ar e observed i n t he wat ershed ( Buhan,  1998).  Hol ycon 
s my mensi s and Cr yl e rudi s ar e t he t wo maj or  speci es among t hem.  Hol ycon 
s my mensi s i s one of  t he r ar e speci es of  bi rds and i t s popul ati on i n Tur key i s about 
100- 150 coupl es.  The wat ershed i s among t he 5 r egi ons wher e 75 % of  t hi s amount 
i s f ound i nt ensel y.  Spr ead ar ea of  Cr yl e r udi s i s l imi t ed i n Tur key;  i t  has a popul ati on 
of about 250 coupl es.  
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An i mport ant  bi rd speci es Fr ancoli nus f rancoli nus  has not  been observed si nce 
1960.  t he number  of  speci es t het  br eed or  has t he possi bility t o breed i n t he 
wat ershed decr eases. Some of t he wat er bi rds spend wi nt er i n t he regi on. 
The most  i mpot ant  f auna gr oup i s r eptil es si nce al most  all  t he Dal yan Lagoon and 
its coast s ar e under pr otecti on.  
Izt uzu beach i s t he nesting and br eedi ng ar ea of  Car ett a car ett a sea t urtl es,  whi ch i s 
an endanger ed speci es,  t he beach i s among 17 i mport ant  sea t urtl e br eedi ng 
regi ons of  Tur key.  Accordi ng t o t he st udi es conduct ed i n t he r egi on 5 t urtle,  2 f r og,  9 
snake and 12 ma mmal  speci es ar e det er mi ned (Gönenç et al. 2002).  
Bl ue cr ab i s an i mport ant  speci es due t o i t s economi c val ue.  As i t  consumes  dead 
fi sh and si mil ar  wast es,  i t  pr event s bad s mel l  and decy i n t he envi ronment ,  ehi ch i s 
of hi gh i mport ance, i n its sensiti ve regi on.  
3. 1. 4. Soci o- De mogr aphi c Struct ure 
Tot al  popul ati on of  t he whol e wat ershed ar ea i s 43585 accor di ng t o 1997 census 
among whi ch 74 % bel ong t o Köyceği z Lake dr ainage ar ea and t he r est  bel ongs t o 
Dal yan Lagoon dr ai nage area.  
The l ar gest  t own i n t he Lagoon dr ai nage ar ea i s Dal yan wi t h 3357 habi t ant s 
accor di ng t o 1997 census,  wher eas Köyceği z i s the l ar gest  t own i n t he Lake dr ai age 
ar ea wi t h 7526 habi t ant s ( SI S, 1997). 
The popul ati on i ncr ease i n t he Lagoon does not  r efl ect  a r api d and huge i ncr ease 
li ke some ot her regi ons of Turkey wher e i ndustrial  acti viti es ar e si gnifi cant.  
As  expect ed,  t her e ar e no si gni fi cant  i ndustri al  acti viti es wi t hi n t he ar ea,  whi ch i s an 
i mport ant  f act or  pr omoting hi gh popul ati on i ncr ease.  The economy i s mai nl y based 
on agri cult ure, t ouri sm, fishery and f orestry. 
Tot all y 7111 ha i rri gat ed or  r ai n-recei vi ng ar ea i s spar ed f or  agri cult ure i n Köyceği z. 
The agri cult ural  acti viti es ar e si mil ar  t o ot her  Medi t erranean countri es based on 
pol ycul t ure;  basi call y cotton,  ci trus fr uit s,  wheat,  cor n,  pea and horti cult ure ar e bei ng 
cul ti vat ed.  Land di stiri buti on accor di ng t o t he crops gr own i s as f oll ows:  2630 ha 
ci trus f r uit s,  appr oxi mat el y 550 ha horti cult ure,  700 ha gr eenhouse,  1580 ha ol i ve,  5 
ha vi ne gar dens,  20 ha popl ar  constit uti bg ar ea are at he maj or  acti viti es i n t he ar ea; 
t he r est  of  t he agri cultur al  l and i s spar ed f or pot at o,  mel on,  oni on and garli c 
pr oducti on.  3259 ha l and i s used f or  agri cult ure i n Dal yan and pr oduct  di stri buti on i s 
i denti cal t o Köyceği z.  
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A cooper ati ve name as Dal yan Fi shery Cooper at i ve conduct s fi shi ng acti viti es i n t he 
regi on.  The cooper ati ve owns a t ot al  of  66 wooden boat s of  vari abl e si zes.  Fi shi ng 
i n t he Lagoon i s done by pri nt er  and trammel  net s i n addi t on t o wei rs wi t h t ot al  
pr oducti on capasi t y of  ar ound 200 t ons/ year.  Mull et  speci es ar e of  pri mar y 
i mport ance.  Apart  from mul l et s,  t he ot her  speci es of  i mpot ance ar e sea bass,  cel  
and cr ab ( Bil eci k et al, 1994). Al most 7- 8 t ons of cavi ar i s produced annuall y. 
3. 1. 5. Soil Properti es 
Soi l,  wi t h i t s struct ur e,  f or mati on and nat ur al/ agricul t ural  veget ati on i s vi t al  f or  many 
aspect s i n wat ershed management,  li ke ecosyst em modelli ng,  wat ershed 
hydr auli cs,  l and- use and quality char act eri sti cs of  wat er  bodi es.  The i ni ti al  st ep 
t owar ds under st andi ng t he soil  char act eri sti cs of  t he ar ea had been a l i t er at ur e 
survey,  t hr ough whi ch r esul t s of  pr evi ous fi el d st udi es execut ed by r el at ed i nstit ut es 
of  t he Gener al  Di rect or ate of  Rur al  Aff ai rs of  t he Tur ki sh Republi c ( TRGDRA)  have 
been acqui red.   These dat a,  whi ch ar e assembl ed over  central  admi ni strati ve 
segment s namel y Ul a,  Köyceği z and Ort aca,  pr ovi ded pr eli mi nary i nf or mat i on on t he 
spati al  di stri buti on of  soi l  struct ure.   A summar y of  t hi s dat a i s pr esent ed i n Tabl e 
3. 3.  
Land use di stri buti on of  a wat ershed i s an i mpor tant  aspect  as i t  wi del y aff ect s t he 
cal cul ati on of  l and- based sources of  poll ut ant s ari si ng f rom vari ous l and t ypes and 
acti viti es.  The current  l and use of  t he Dal yan Lagoon subwat ershed i s gi ven i n Tabl e 
3. 4.  
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Tabl e 3. 3 Sub- pr ovi nces and Char act eri sti c Maj or Soil Types ( Büyükbay, 2002) 
Maj or Soil Types 
Köyceği z Ort aca Ul a Tot al  
ha % ha % ha % ha % 
Al l uvi al Soil s 4133 2. 62 10141 35. 7 1787 4. 2 16061 7. 0 
Hydr omor phi c All uvi al Soil s 1100 0. 7 1194 4. 2 162 0. 38 2456 1. 0 
Col li vual  Soil s 8610 5. 30 1147 4. 0 5017 11. 7 14774 6. 3 
Wetl ands 50 0. 03 - - - - 50 0. 02 
Br own For est Soil s wit hout 
Li me 
113401 70. 3 4952 17. 4 13916 32. 6 132269 57 





10402 36. 6 20628 48. 3 54410 23. 4 
Red Medi t erranean Soil s - - - - 432 1. 0 432 0. 2 
Ot her Soil s 4803 3. 55 123 0. 4 726 1. 7 5652 2. 4 
Wat er Bodi es 5723  471 1. 6 58 0. 1 6252 2. 7 
Tot al  161200 100 28430 100 42726 100 232356 100 
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Tabl e 3. 4  Current Land Use of t he Dal yan Lagoon Subwat ershed  
                 ( Gönenç et al., 2002)  
Land use Ar ea (km
2
) % di stri buti on 
For est s 80, 93 62, 55 
Agri cult ure 29, 7 22, 95 
Wetl ands 6, 56 5, 07 
Sül üngür Lake 3, 01 2, 33 
Al agöl  Lake 0, 55 0, 43 
İ zt uzu Lake 0, 19 0, 15 
Dal yan Lagoon 2, 5 1, 93 
Ot hers (hi st ori cal pl aces & spri ngs) 5, 94 4, 59 
Tot al  129, 38 100 
 
As  t he t owns and s mall  communi ti es of  t he subwt ar eshed ar e scatt er ed i n 
agri cult ural  l ands,  t hey cannot  be shown seper at el y.  As a r esul t,  f orest s and 
agri cult ural  l and cover  appr oxi mat el y 85 % of  the ar ea.  I n t he pr evi ous st udi es 
conduct ed at  t he r egi on,  e mphasi s has been gi ven t o t he Dal yan subwat ershed.  I n 
t hi s st udy,  t he whol e wat ershed i s consi der ed and mor e det ail ed i nf ormati on fl ow 
about l and- use and it s distri buti on will be menti oned i n t he pr eceedi ng secti ons.  
3. 1. 6. Land Based Sources of Poll uti on 
Due t o l ack of  i ndustri es i n t he ar ea,  domesti c wast ewat er  i s consi der ed t o be t he 
onl y source of  poi nt  pollut ant.  Al most  all  of  t he sensi ti ve wat ersheds i n t he worl d,  as 
seen i n t hi s ar ea,  ar e not  observed as hi ghl y popul at ed and ur bani zed di stri ct s. 
Touri sm and agri cult ural  acti viti es gai n si gni fi cance whi ch necessit at es t he det ail ed 
i nvesti gati on of  non- poi nt  sources of  poll uti on wi t h ut most  car e of  especi all y t he 
nutri ent  di schar ges t o t he wat er  envi ronment.  Among t hese eff ect s,  excess nutri ent 
and pesti ci de l oadi ng origi nati ng from agri cult ural  acti viti es i s of maj or concer n.  
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The occurrence of  r eactions and t hei r  r at es concer ni ng t he excess l oads depend on 
the mai n t ransport ati on and transport  mechani sms  of  nutri ent s on soil  till t hey r each 
t he wat er  envi ronment.  In t he pr evi ous st udi es ( Kar ak,  2000;  Güvensoy, 2000;  Tanı k 
et  al .,  2000),  eff ort s ar e pai d t o t he i dentifi cati on of  excess l oads,  and f urther mor e t o 
t he esti mati on of t he surpl us nutri ent s t hat may ent er t he recei vi ng wat er.  
A  det ail ed survey on f orest s has not  been carried out  yet,  as t he mechani s ms ar e 
t oo compl ex i n t hese syst ems.  Uni t  poll uti ng l oads ar e sel ect ed f rom r el evant 
literat ur e,  t o r epr esent  and r efl ect  si mil ar  cli matic condi ti ons and f or estry r egar di ng 
t he t wo nutri ent s,  ni trogen and phosphor ous.  Al l  the pr evi ous st udi es on l and based 
source poll uti on, have been based on t he Dal yan Lagoon Subwat ershed.  
3. 2. Resource I nvent ory 
The met hodol ogy used t o buil d t he r esource i nvent ory,  r equi res t hat  dat a shoul d be 
gat her ed over  a t opogr aphi cal  base map and t hat,  t hemati c maps shoul d be used t o 
i ndi cat e hydr odynami cs of  aquati c envi ronment,  geol ogi c and geomor phol ogi c 
condi ti ons,  veget ati on and l and- use,  soci o- economi c dat a l i ke admi ni strati ve 
boundari es and popul ation,  soil  struct ur e i nvol ving soil  cl asses,  soil  t ypes,  sub-soil 
gr oups and ot her  char acteri sti cs,  and fi nall y cli mati c and met eor ol ogi cal  dat a bei ng 
t he most  i mport ant  exter nal  f act or  t hat  aff ects t he f at e and behavi our  of  t he 
wat ershed.  
To manage such r esources i n an i nt egr at ed and eff ecti ve manner,  i t  i s essenti al  t hat 
det ail ed i nf or mati on r egardi ng t he nat ur e,  quantity and quality of  t hese r esour ces be 
avail abl e.  The coll ecti on and pr esent ati on of  such i nf or mati on,  i s t he pur pose of 
resource i nvent ory acti viti es.  
3. 2. 1. Dat a Coll ecti on 
Dat a coll ecti on compri ses mai nl y of  pr ocessi ng el evati on dat a,  acqui ri ng di git al 
t hemati c maps,  and del ineati on of  wat ershed boundari es.  The el evati on dat a whi ch 
has a scal e of  1: 25 000,  i s t aken from t he Tur ki sh Ar med For ces Gener al  Co mmand 
of  Mappi ng ( TAFGCM),  whi ch had devel oped t hese di git al  maps usi ng 
phot ogr ammet ry t echni ques.  Most  of  t he dat a menti oned above,  whi ch ar e cr uci al 
f or  l and assess ment  and hydr ol ogi cal  model li ng ( Seker  et  al .,  2002),  are pr ovi ded 
wi t hi n t he t hemati c maps r ecei ved f rom t he Nati onal  I nf or mati on Centre (NI C)  of  t he 
Gener al  Di rect or at e of  Rur al  Aff ai rs of  t he Tur ki sh Republi c ( TRGDRA).  These maps 
ar e based on UTM ( Uni versal  Tr ansverse Mer cator) coor di nat e syst em.  
 40 
The l ayer  f or  wat ershed boundari es was i ni ti all y deli neat ed on an anal ogue map.  I n 
t he st udy,  t hi s anal ogue map was di giti zed and f urt her mor e,  t he pr oduced di git al  
map was t hen verifi ed vi a Wat ershed Modelli ng Syst em 6. 1 ( WMS)  devel oped by 
US Ar my and Bri gham Young Uni versit y,  UK ( Akbul ut,  2002).  Thi s sof t war e wi t h 
ext ensi ve capabiliti es f or wat ershed deli neati on and r unoff  model li ng,  better  sui t s f or 
appli cati ons i n s mal l  wat ersheds and accomplishes i t s pr ocess at  qui t e a hi gh 
accur acy.  
However,  i n or der  t o base t he i nput s of  t he modeli ng st udy on mor e r eali sti c 
gr ounds,  sever al  fi el d vi sits wer e made i n or der  to assess t he vali dit y of  i nf or mati on 
pr ovi ded vi a t hese maps.   
3. 2. 2. Gat heri ng of Data 
Gat heri ng of  dat a consi st s of  t hr ee st eps.  The over all  fl ow di agr am of  t he GI S 
met hodol ogy i s gi ven i n Fi gur e 3. 5 ( Ri ppl e,  1994).  St ep 1 i nvol ves t he i nt egr ati on, 
mani pul ati on and t ransfor mati on of  el evati on dat a,  sub- basi n boundari es and 
coastli nes.  Si nce t he si gni fi cance of  st ori ng updated envi ronment al  dat a i n a r eli abl e 
and user-fri endl y pl atf orm,  became i nevit abl e,  Arc GI S was pr ef erred f or  thi s pur pose 
because of  i t s sol el y compl et e and i nt egr at ed syst em f or  geogr aphi cal  data cr eati on, 
management,  i nt egr ati on and anal ysi s.  Thus wi t hi n St ep 2,  t he dat a devel oped i n 
t he pr ecedent  st ep ar e t hen convert ed t o Ar cGI S fil e f or mat.  Fi nall y,  i n or der  t o 
enabl e queri es vi a t he GI S envi ronment,  i n St ep 3,  attri but e t abl es ar e prepar ed f or 
all map l ayers. 
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 St ep 1  
The el evati on dat a i s di giti zed wi t h a phot ogr ammet ri c t echni que ( Fi gur e 3. 2).  Lake 
and Lagoon cat chment  boundri es ar e dr awn i n Aut oCAD 2000 and t hen combi ned. 
As  a r esul t,  one cover age,  showi ng t he over all  wat ershed boundri es,  wer e 
pr oduced.  On t hi s coverage t he coastli nes ar e al so dr awn wi t h cont ours. Aut oCAD 













Fi gure 3. 2 Fi rst st ep of GI S met hodol ogy ( Ri pple, 1994)  
 St ep 2 
The dat a devel oped i n t he pr ecedent  st ep are convert ed t o Ar cGI S fil e f or mat 
( Fi gur e 3. 3).  The l angtitut e and l ongtit ut e val ues of  t he vill ages i n t he wat ershed 















 St ep 3 
Fi nall y,  i n or der  t o enabl e queri es vi a  t he GI S envi ronment,  i n St ep 3,  attri but e 













Fi gure 3. 4 Thi rd st ep of GI S met hodol ogy ( Ri pple, 1994)  
The over all fl ow di agr am of t he GI S met hodol ogy used i n t he st udy i s gi ven i n Fi gur e 




















Fi gure 3. 5 Over all Fl ow Di agr am of GI S Met hodol ogy ( Ri ppl e, 1994) 
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3. 2. 3.  Mappi ng and Vi suali zati on 
The out put  of  t he mappi ng and vi suali zati on pr ocess on t he wat ershed and i t s sub-
basi ns i s pr esent ed i n Fi gur e 3. 6.  Even t hough t he vast  maj orit y of  t he enti re 
wat ershed was cover ed,  some porti on of  t he ar ea coul d not  be vi suali zed,  partl y due 
to t he l ack of  f undi ng and t echni cal  pr obl ems ar oused duri ng i nt egr ati on of  dat a and 



























Fi gure 3. 6 Mappi ng and Vi suali zati on of t he Wat ershed 
The gat heri ng of  r esource i nvent ory i ni ti at ed wi t h t he t opogr aphy of  t he wat ershed, 
shown i n Fi gur e 3. 7.  Thi s l ayer  i s i mport ant  i n deter mi ni ng t he appr opri ate i rri gati on 






































Fi gure 3. 7 Topogr aphy map l ayer 
Cl i mati c and met eor ol ogi cal  dat a l ayer,  shown i n Fi gur e 3. 8,  i s si gni fi cant, as t hese 
aspect s dri ve i rri gat ed agri cult ure.  Thi s l ayer  al so suppli es i nf or mati on on soil - wat er 
bal ance,  er osi on ri sk and l i mi ti ng condi ti ons f or  pl ant ati on.  The dat a set s f or 
pr eci pit ati on,  evapor ati on,  ai r  and soil  t emper atur e,  and humi dit y ar e requi red by 
al most  every st udy r el at ed t o wat ershed modelli ng,  pl anni ng and management 
appli cati on,  wher eas mor e speci fi c dat a such as wi nd speed and di recti on, 
cl oudi ness,  and sol ar  r adi ati on,  woul d be necessary f or  di schar ge pl ume modelli ng, 



























Fi gure 3. 8 Cli mati c and Met eor ol ogi cal Dat a Layer  
Nat ur al  monument s and human- made i nfrastruct ure char act eri sti cs of  t he wat ershed 
must  al so be known t o bett er  underst and t he l and and wat er  pr operti es.  Such a 
survey wi ll  act  as a gui de duri ng devel opment  of  a management  strat egy.  One of 
t hese l ayers pr esent s t he ri vers and streams i n t he wat ershed ( Appendi x A),  whi ch 
was r ecei ved f rom TRGDRA- NI C and ori gi nall y pr oduced by t he St at e Hydr auli c 
Wor ks of  Turki sh Republi c ( TRSHW).  The map has a scal e of  1: 100000 and i s 
deli mi t ed by t he admi ni strati ve boundari es of  Mugl a,  t he pr ovi nce i n whi ch t he 
enti ret y of  t he wat ershed r esi des.  The maj or  eart hquake hi st ory and t he si gni fi cant 
mi ni ng zones of  t he ar ea ar e si mil arl y pr ovi ded i n pr ovi nce- based t hemati c maps 
( Appendi x B and Appendi x C).  Bot h maps ar e gai ned f rom t he Gener al  Di r ect or at e 
of  Mi ner al  Research and Expl or ati on of  t he Tur kish Republi c ( TRGDMRE).  The hot 
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spri ngs,  whi ch ar e charact eri sti c t o t he wat ershed,  ar e i ntroduced t o t he GI S 
dat abase as poi nt  dat a as shown i n Fi gur e 3.9.  They ar e al i gned al ongsi de t he 
Lagoon wi t hi n a cl ose di st ance t o i t s banks.  Seawat er  i ntrusi on t o t he Lagoon 
occurs seasonall y due t o i t s hydr odynami c charact eri sti cs;  t her ef or e t he l ocati on of 



























 Fi gure 3. 9 Hot spri ngs map l ayer 
The r oad map of  Mugl a i s al so added t o t he GI S dat abase ( Appendi x D).  If  i t  i s 
regar ded necessary t o devel op a new l and- use pl an due t o a det ail ed survey on t he 
wat ershed,  r oad maps woul d be consi der abl e because of  t hei r  si gni fi cance t o 
human- dri ven f uncti ons.  
The soci o- demogr aphi c dat a i s anot her  l ayer t hat  shows t he current  st at us of 
popul ati on di stri buti on i n t he wat ershed.  Ther e exi st  no popul at ed ci ties i n t he 
wat ershed,  but  t wo l arger  t owns,  Koycegi z and Dal yan.  Al most  75% of  t he 
popul ati on r esi des i n t he Koycegi z Lake sub- basi n,  wher eas t he r est  l i ves i n t he 
Dal yan Lagoon sub- basin.  
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Vi ll ages and ot her  settl ement s i n t he r egi on ar e wi del y scatt er ed acr oss avai l abl e 
agri cult ural  l and covers and ar e pr ovi ded i n a separ at e l ayer  as shown i n Fi gur e 
3. 10 and Fi gur e 3. 11.  The coor di nat es of  vill ages ar e obt ai ned f r om t he TAFGCM 
and t hen transf or med t o UTM Coor di nat e Syst em so as t o i nt egr at e t hi s l ayer  wi t h 












































































                               Fi gure 3. 11 Sub-cat chment s of t he wat ershed 
As f or est s and agri cultur al  ar eas cover  nearl y 85 % of  t he t ot al  ar ea,  non- poi nt 
source poll ut ant  l oads ar e very si gnifi cant  i n t he wat ershed.  No det ail ed 
i nvesti gati on on t he f or est  ar eas has been conduct ed so f ar,  however,  f ertili zers and 
pesti ci des appli cati ons are exami ned annuall y on mont hl y i nt erval s f or  t he year  1998 
( Kar ak,  2000;  Guvensoy,  2000).  Thi s i nf or mati on i s gat her ed f rom each agri cult ural  
vill age aut hori ty i n t he wat ershed and numeri cally i ntroduced i nt o t he GI S as poi nt 
dat a attri but ed t o each vill age.  The nutri ent  l oadi ngs ari si ng f rom agri cultur al  ar eas 
ar e r ecor ded i n t abul ar f or mat  and pr esent ed i n chart s f or  each vill age.  These 
attri but e t abl es pr ovi de cal cul at ed fi gur es f or r esi dual  mont hl y l oads aft er  t he 
reducti on by cr op upt ake and ot her  vari ous r eacti ons ar e al so pr esent ed on vi ll age 
basi s.
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15 of  t he most  si gnifi cant  pesti ci des appli ed i n t he wat ershed ar e al so l i sted i n t he 
GI S t oget her  wi t h t he basi c physi cal,  chemi cal  and bi ol ogi cal  char act eri stics of  each. 
I n Fi gur e 3. 12,  t he endosul f an consumpti on of  t he wat ershed can be seen i n t he 
basi s of vill ages, as an exampl e.  
Fi gure 3. 12 Land- based poll uti on
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3. 3 I mpl ement ati on Of Soil Survey 
The pur poses f or  whi ch l and eval uati on surveys ar e undert aken and t he t echni ques 
used f or  t hi s pur pose vary wi del y accor di ng t o nati onal  or  l ocal  r equi rement s.  At 
wat ershed scal e,  such surveys ar e conduct ed i n devel opi ng countri es as a basi s f or 
maj or  l and- use change.  I n t hi s st udy,  an al t ernati ve appr oach i s ai med f or  t he 
assess ment  of  not  onl y the capability of  l and f or  vari ous l and- use pur poses,  but  al so 
of  t he sui t ability of  l and f or  speci fi c l and- use pur poses.  Thi s appr oach used i n 
devel opi ng countri es i s al so appr opri at e f or  wat ershed management  appli cati ons 
( ESCAP,  1997).  Soil  surveys ar e mai nl y used t o anal yze soil  f ertility,  dr ai nage and 
er osi on condi ti ons,  and irri gati on and f ertili zati on r equi rement s.  I n t hi s study,  l and 
capability cl assifi cati on,  soil  t ypes,  soil  sub-gr oups,  l and- use and ot her  soil 
char act eri sti cs ar e st udi ed and pr esent ed vi a diff erent t hemati c maps.  
Land capability cl assifi cati on i s a met hod of  l and eval uati on,  whi ch i ndi cat es t he 
specifi ed pot enti al  use of  l and.  Such cl assifi cati on i s usuall y pr esent ed as a t hemati c 
map wi t h st andar d l egends f or  l and capability cl asses.  Ther e ar e ei ght  st andar d 
maj or  cl asses (I  t o VIII)  uni versall y accept ed,  r anki ng l and- use pot enti al  on a “ best” 
(I)  t o “ wor st”  ( VIII)  basi s f or  speci fi ed cat egories of  agri cult ural  uses.  The l and 
cl assifi cati on map f or  t he wat ershed i s shown i n Fi gur e 3. 13.  Al l  t he r ef erred cl asses 
may  be observed i n t he ar ea.  Cl ass I  i ndi cat es l and sui t abl e f or  r egul ar  cul ti vati on 
wher e no speci al  conservati on measur es ar e necessary,  Cl ass II  r efer s t o l and 
sui t abl e f or  r egul ar  cul ti vati on r equi ri ng si mpl e soil  conservati on measur es,  Cl ass III 
st at es t he l and sui t abl e f or  r egul ar  cul ti vati on r equi ri ng i nt ensi ve soil  conser vati on 
measur es,  Cl ass I V addresses l and sui t abl e f or  gr azi ng and occasi onal  cul ti vati on 
requi ri ng some er osi on control  measur es,  Cl ass V poi nt s out  l and sui t abl e f or 
gr azi ng and occasi onal  cul ti vati on r equi ri ng i nt ensi ve soil  conservati on works,  Cl ass 
VI  r efl ect s l and sui t abl e f or  onl y gr azi ng,  Cl ass VII  pr esent s l and t hat  i s st eep, 
i nf ertil e,  or  has shall ow soil s,  and fi nall y Cl ass VIII  descri bes l and whi ch shoul d not 
be cul ti vat ed,  and gr azed ( Fr evert et al., 1993).  Wi t hi n each of  t hese cl asses,  sub-
cl asses may al so be used t o i ndi cat e t he nat ur e of  t he l and- use constrai nts.  Uni t ed 
St at es Depart ment  of  Agri cult ure ( USDA),  uses t he f oll owi ng sub-cl ass cat egori es; 
e:  er osi on hazar d,  w:  excess wat er  pr obl ems,  s:  soil  r oot  zone l i mi t ati ons ( such as 
shall owness and st oni ness),  and c:  cli mati c constrai nt s.  Fi gur e 3. 14 present s t he 




Fi gure 3. 13 Soil cl asses cover age 
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Soi l  t ypes of  t he wat ershed ar e pr ovi ded as a separ at e l ayer  i n t he GI S,  as shown i n 
Fi gur e 3. 15.  Li me-free br own soil s ar e domi nant  i n t he ar ea.  Thi s soil  t ype i s 
char act eri zed by i t s hi gh cl ay cont ent  and someti mes by st ony cl ay t ext ur e wi t h 
pebbl es. The domi nant pl ant ati on on such soil type i s gr ass and bushes.  
 
Fi gure 3. 15 Soil types cover age
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The second maj or  t ype of  soil  i n t he wat ershed i s Medi t erranean r ed- brown soil s, 
whi ch ar e t ypi call y observed wi t hi n r egi ons wi t h dr y cli mat e condi ti ons.  The r ed-
br own soil s are mai nl y composed of har d li mest one, grani t es, and rocks.  
Ot her  soil  char act eri sti cs,  such as soil  dr ai nage,  soil  sali nit y and soil  al kali nit y,  ar e 
demonstrat ed i n Fi gur e 3.16.  Soil  dr ai nage i s defined as t he r at e and ext ent  of  wat er 
move ment  i n t he soil,  i ncl udi ng movement  acr oss t he surf ace as wel l  as downwar d 
t hrough t he soil.  Sl ope i s a very i mport ant  f actor  i n soil  dr ai nage.  Ot her  f act ors 
i ncl ude t ext ur e,  struct ur e,  and physi cal  condi ti on of  surf ace and subsoil  l ayers.  Soil 
dr ai nage i s i ndi cat ed by soil  col or.  Cl ear,  bri ght  soil  col ours i ndi cat e wel l -dr ai ned 
soil s. Mi xed, drab, and domi nantl y gray soil col ours i ndi cat e poor dr ai nage.  
Soi l  sali nity i s expr essed as t he concentrati on of  sol uabl e sal t s i n t he soil.   Soi l 
sali nit y can,  t o some degree,  be managed by i rri gati on pr acti ces pr ovi di ng t he wat er 
i s of accept abl e quality and t he fl ow of wat er t hrough t he soil can be controll ed.  
The concentrati on of  sol ubl e sal t s i n t he soil  pr ofil e i s i ncr eased as wat er  i s r emoved 
from t he soil  vi a evapor ati on and t ranspi rati on.  Si mpl y expl ai ned,  soi l  surf ace 
desi ccati on by evapor ati on and t ranspi rati on cr eat es a sucti on gr adi ent  t hat 
pr oduces an i mport ant  upwar d movement  of  wat er  and sal t.  I n soil s where t he wat er 
t abl e i s near t he soil surface t hi s pr ocess can become exagger at ed.  
Sol ubl e sal t s i ncr ease or  decr ease i n t he pl ant  r oot  zone,  dependi ng upon whet her 
or  not  t he net  downwar d movement  of  sal t  i s l ess or  gr eat er  t han t he net  sal t  i nput 
from t he i rri gati on wat er source.  The sal t  bal ance i n t he soil  as aff ected by t he 
quantit y and quality of  t he i rri gati on wat er,  the eff ecti veness of  dr ai nage and 

















































Fi gure 3. 16 Ot her soil char act eri sti cs cover age 
 
 56 
The pH condi ti on of  soil i s one of  a number  of  envi ronment al  condi ti ons t hat  aff ect 
t he quality of  pl ant  growt h.  A near-neutral  or  sli ghtl y aci di c soil  i s gener all y 
consi der ed i deal  f or  most  pl ant s.  Some t ypes of  pl ant  gr owt h can occur  anywher e i n 
a 3. 5 t o 10. 0 r ange.  Wi th some not abl e excepti ons,  a soil  pH of  6. 0 t o 7.0 r equi res 
no speci al cult ural practices t o i mpr ove pl ant growt h.  
The maj or  i mpact  t hat  pH extremes have on pl ant  gr owt h i s t he avail ability of  pl ant 
nutri ent s and concentration of  pl ant-t oxi c mi ner al s.  The eff ect  of  pH on pl ant  nutri ent 
avail ability i s shown i n Fi gur e 3. 17 ( The Uni versit y of  Ari zona, 
htt p:// ag. ari zona. edu/ pubs/ gar den/ mg/ soil s/ pH. html #pH).  
I n t he fi gur e,  t he t hi cker  bar  means mor e avail abi lity of  t he nutri ent.  I n hi ghl y al kali ne 
soil s,  mi cr onutri ent s such as i ron,  zi nc,  copper  and manganese become chemi call y 
ti ed up and ar e spari ngl y avail abl e f or  pl ant  use.  I n hi ghl y aci di c soil s, cal ci um, 
phosphor ous,  and magnesi um become ti ed up and unavail abl e,  and manganese 


















Fi gure 3. 17  The eff ect of pH on pl ant nutri ent avail ability 







Si nce t he l and- based poll ut ant  l oads may dr asti call y vary wi t h r espect  t o r ecent 
l and- use and i t s di stri buti on,  shown i n Fi gur e 3.18,   as wel l  as t he variet y of  soil 
types,  a compari son of  soil  t ypes and l and- use i s made i n t he st udy by overl ayi ng 










Fi gure 3. 19 Soil cl asses and l and cover  
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3. 4  Land Assess ment of t he Wat ershed 
3. 4. 1. Vali dati on of Data 
Mappi ng and vi suali zation st age must  be support ed by fi el d anal ysi s i n or der  t o 
vali dat e t he gat her ed dat a i ncl udi ng soil  maps,  as wel l  as t o det er mi ne mor e 
i nf or mati on on t he physi cal  and chemi cal  pr operti es of  soil.  Ther eby,  such addi ti onal  
dat a,  apart  from enabli ng a bett er  l and eval uati on,  coul d be utili zed as i nput  dat a,  f or 
i nst ance,  hydr ol ogi cal  modelli ng st udi es.  The number  of  sampl i ng st ati ons r equi red 
f or  t hi s pur pose,  ar e opti mi zed so as t o mi ni mi ze t he cost s but  t o att ain a br oad 
repr esent ati on of  t he watershed.  Thi s opti mi zati on was achi eved by overlayi ng t he 
fi ve soil  maps r ef erred.  As  a r esul t  of  t heor eti cal  st udy on superi mposed maps and 
si t e vi sit s,  20 r epr esentati ve sampli ng poi nt s wer e t hen defi ned and l ocat ed as 















3. 4. 2. Land Eval uati on 
“Land Dat a Eval uati on Tabl e”  i s pr epar ed by overl ayi ng t he fi ve soi l  maps and 
f urt her  queri es ar e done based on t he r ef er ence st ati ons.  Such an approach i s a 
pr ocess f or  assessi ng t he r el ati ve sui t ability of  i ndi cat ed ar eas of  l and f or  act ual  l and 
uses.  However,  i t  shoul d al ways be consi der ed i n or der  t o achi eve a proper  l and 
assess ment  i t  i s utt erl y vi t al  t o mai nt ai n t hemati c maps t hat  ar e up-to- dat e and 
aut henti cat ed by fi el d i nvesti gati ons and a r epr esent ati vel y fi ne r esol uti on soil 
moni t ori ng syst em.  Thus,  t he compar ati ve anal ysi s i ni ti at ed i n t hi s st udy and 
summari zed i n Tabl e 3. 5,  shoul d be i nt er pr et ed as a gui deli ne t owar ds a compl et e 
l and assess ment  pr ocedur e.  On t he ot her  hand,  t he i nf or mati on pr ovi ded i n Tabl e 
3. 5 i s still  a good exampl e f or  how t he l and- based i nf or mati on shoul d be gat her ed t o 
devel op a strong basi s f or  r ati onal  deci si on- maki ng r egar di ng t he best  l and uses f or 




Tabl e 3. 5 Land Eval uation Tabl e 
Sa mpli ng 
Poi nt s 
Soil 
Cl asses 




For est    Dat a i s vali dat ed on sit e 
2 II Col l uvi al  
Wel l -irri gat ed 
Agri cult ure 
Wet ness I nsuffi ci ent Dr ai nage  
Ci trus fruit s are domi nant, but t hey ar e 
al so appli cabl e f or t hi s soil type 
3 VII Al l uvi al  Past ur e 
Er osi on- Shall ow Root 
Regi on 
St ony  Dat a i s vali dat ed on t hi s si t e 
4 VII  
Li me-free 
Br own 
For est   St ony  Dat a i s vali dat ed on t hi s si t e 
5 I Col li vi al  
Wel l -irri gat ed 
Agri cult ure 
  
The sampl e i s t aken from a cor n fi el d 
surrounded by citrus fruits 
6 II 
Medi t erranean 
Red- br own 
For est  
Er osi on- Shall ow Root 
Regi on  
 
The sampli ng i s i n a narrow meadow 
zone, downhill t o huge woods 
7 VII Hydr omof phi c  Past ur e  
Wet ness- Shall ow Root 
Regi on  
Sal t y, Al kali ne (v) 
The wetl ands all ow rai sing cott on whi ch 
necessit at es well irri gati on 
8 I Col li vi al  
Wel l -irri gat ed 
Agri cult ure 
  
The ar ea host s citrus frui ts, whi ch ar e 
al so appli cabl e f or t hi s soil type 
9 VI  
Li me-free 
Br own 
For est  
Shal l ow Root Regi on-
Er osi on  
St ony  Dat a i s vali dat ed on t hi s si t e 
10 VII 
Medi t erranean 
Red- br own 
Past ur e 
Er osi on- Shall ow Root 
Regi on  
St ony  
Meadows whi ch ar e al so expect abl e on 
t hi s soil type, exi st i n t he ar ea 
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Sa mpli ng 
Poi nt s 
Soil 
Cl asses 
Soil Types Land Cover Sub- soil Gr oups Ot her Soil Charact eri sti cs Re mar ks 
11 II Col l uvi al  
Wel l -irri gat ed 
Agri cult ure 
Wet ness  I nsuffi ci ent Dr ai nage  Dat a i s vali dat ed on t hi s si t e 
12 VII Col l uvi al  
Wel l -irri gat ed 
Agri cult ure 
Wet ness- Shall ow Root 
Regi on  
Sal t y, Al kali ne  Dat a i s vali dat ed on t hi s si t e 
13 VII 
Medi t erranean 
Red- br own 
For est    Dat a i s vali dat ed on t hi s si t e 
14 III Al l uvi al  Ci trus Shal l ow Root Regi on   Dat a i s vali dat ed on t hi s si t e 
15 V Hydr omor phi c  Past ur e  
Wet ness- Shall ow Root 
Regi on  
Sl i ght Sal t y, Al kali ne  
Ther e ar e al so citrus fruit gar dens i n t he 
ar ea due t o t he nutri ent-ri ch delt a 
16 V Col l uvi al  Ci trus 
Shal l ow Root Regi on-
Er osi on  




For est  Shal l ow Root Regi on  St ony  Dat a i s vali dat ed on t hi s si t e 
18 VII Al l uvi al  For est  
Er osi on- Shall ow Root 
Regi on  
St ony  
Ther e exi st s a wheat pl ant ati on i n t he 
mi dst of f orest s 
19 VI  Al l uvi al  Ol i ve  
Shal l ow Root Regi on-
Er osi on  




For est  
Er osi on- Shall ow Root 
Regi on  
St ony  
Rar el y narrow wheat and dough fi el ds 
exi st i n t hi s sl opi ng f orested ar ea 
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3. 4. 3. Ongoi ng St udi es 
The wat ershed sel ect ed as t he f ocus of  t he st udy i s one of  t he sensi ti ve regi ons of 
t he country and part  of  it  has been decl ar ed as a Speci al  Pr ot ecti on Area,  t hus, 
t her e appear  al most  no si gnifi cant  di scr epanci es i n t he l and dat a eval uati on t abl e. 
However,  some of  t he l and porti ons may have al ter nati ve uses,  whi ch wi ll  f urt her  be 
di scussed by t he soil  engi neers and expert s,  aft er  t he enti rel y t er mi nat i on of  soil 
anal ysi s.  Resul t s of  t he soil  anal ysi s ar e gi ven i n Tabl e 3. 6.  The r esults of  t he 
anal ysi s have been accessed i n GI S as poi nt  dat a.  To make a spati al  di stri buti on 
anal ysi s of  each par amet er,  an i nt er pol ati on bet ween  anal ysi s r esul t s ar e made,  but 
t hi s i nt er pol ati on met hod i s not  vali d f or  soil  paramet ers.  The soil  par amet er s ar e 
vari abl e f or  each poi nt. As  a r esul t,  t o make spati al  di stri buti on mapf or  each 
























Tabl e 3. 6 Soil Anal ysi s Resul t s 
Sa mpli ng 
Poi nt 
Moi st ure 
Sat urati on 
Tot al 
%Sali nity pH  
%Li me 
CaCO3 Phosph.  




%Or gani c 
Matt er %Sand %Cl ay %Si lt Text ure 
%Fi el d 
Capacity 
%Wi l ti ng 
Poi nt 
Soil 
Te mp. oC 
1 85 0, 085 6, 6 4, 1 0, 9 22, 9 0, 182 2, 6 63, 22 18, 13 18, 7 SL 47 36, 4   
2 40 0, 049 7, 3 14, 8 5, 4 10, 4 0, 196 2, 2 65, 49 18 16, 5 SL 17, 5 11, 5 20, 3 
3 75 0, 226 7, 6 16 19 64, 9 0, 182 2, 2 12, 59 56, 62 30, 8 C 37 25, 6 21 
4 88 0, 059 6, 6 0, 4 4, 1 58, 3 0, 406 5, 7 39, 44 26 34, 6 L( CL)  36, 7 24, 3 20 
5 44 E 7, 4 0, 4 1, 7 15, 3 0, 168 1, 7 49, 19 20, 66 30, 2 L 20, 2 9, 2 17, 8 
6 44 E 6, 4 0 1, 1 27 0, 182 2, 1 51, 15 22, 7 26, 2 SCL( SL)  20, 3 11, 4   
7 80 0, 52 7, 8 14, 8 13, 6 23, 5 0, 196 2, 2 13, 44 53, 71 32, 9 C 40, 7 29, 1 18, 6 
8 50 0, 05 7, 6 1, 6 4, 3 16, 2 0, 126 1, 9 38, 23 21, 09 40, 7 L 24, 4 14 20, 9 
9 44 E 6, 8 0 1, 1 13, 1 0, 112 1, 5 64, 54 12, 98 22, 5 SL 19, 9 12, 4 15, 6 
10 88 0, 136 6, 9 0 1, 3 62, 7 0, 154 3, 1 42, 9 33, 08 24 CL 56, 9 46, 3 20, 3 
11 77 0, 093 8 20, 5 28, 2 17, 5 0, 112 1, 6 24, 84 53, 24 21, 9 C 36, 3 29, 5 17, 3 
12 71 0, 59 7, 4 8, 2 14, 3 83, 5 0, 252 3, 4 17, 3 46, 84 35, 9 C 30, 9 18, 4 17, 3 
13 44 E 6, 2 0 2, 5 22, 4 0, 238 3, 3 51, 51 16, 66 31, 8 L 22, 6 14, 1 20 
14 50 0, 044 7, 9 3, 7 2, 8 21, 5 0, 154 1, 8 49, 34 18, 73 31, 9 L 24, 1 11, 7 20, 8 
15 47 0, 04 7, 8 4, 9 1, 6 3, 8 0, 07 1, 6 49, 13 12, 64 38, 2 L 20, 5 9 19, 8 
16 44 0, 032 7, 7 1, 6 17, 8 5, 8 0, 084 1, 4 71, 33 8, 59 20, 1 SL 17, 2 8, 1 16 
17 77 0, 043 6, 6 0 1, 3 25, 3 0, 112 2, 1 38, 95 24, 76 36, 3 L 37 20, 3   
18 58 0, 051 6, 6 0 1, 6 41, 9 0, 154 2, 2 50, 55 22, 81 26, 6 SCL( SL)  34, 6 21 18, 4 
19 44 E 7, 2 0 1 10, 9 0, 126 1, 5 70, 96 4, 58 24, 5 SL 14, 6 7 19, 8 
20 44 E 6, 9 0 2, 3 20, 2 0, 14 1, 6 64, 9 12, 62 22, 5 SL 18, 4 9, 8 20, 4 
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3. 4. 3. 1 Soil Anal ysi s 
The soil  anal ysi s sheet  consi st  of  t hr ee part s.  The physi cal  pr operti es of  soil  ar e; 
t ext ur e (  %sand,  %si lt, %cl ay ),  fi el d capaci t y and wi lti ng poi nt.  The chemi cal  
pr operti es of  soil  ar e;  moi st ur e sat ur ati on,  sali nit y,  pH,  l i me content,  t ot al  
phosphor us,  ni trat e- nitrogen,  t ot al  ni trogen and organi c matt er.  Speci fi c par amet ers 
of  t he soil  ar e;  moi st ur e cont ent,  soil  t emper at ure,  pl ant ed cr ops and natural  pl ant 
cover. 
The physi cal  pr operti es of  soil s ar e i mport ant  because t hey control  pl ant  gr owt h 
t hrough i nfl uence on soil  t emper at ur e ( darker =war mer),  soil  aer ati on (sandy soi l s 
wel l  aer at ed)  and soil  moi st ur e cont ent  ( cl ayey soil s st ay wet),  ( The Uni versit y of 
Ari zona, htt p:// ag. ari zona.edu/ pubs/ gar den/ mg/ soi l s/ pri nci pal . ht ml #pri nci pal). 
Text ure  
Soi l  t ext ur e i s t he percent  of  sand,  silt  and cl ay i n a soil  ( The Uni versit y of  Ari zona, 
htt p:// ag. ari zona. edu/ pubs/ gar den/ mg/ soil s/ pri nci pal . ht ml #pri nci pal ). 
Sand:  i s mai nl y s mall  rock f ragment s and har d mi ner al s such as quar tz ( sili con 
di oxi de).  It  cont ai ns f ew pl ant  nutri ent s.  Of  t he t hree t ypes of  soil  parti cl es,  sand i s 
t he l ar gest  i n si ze ( 0. 06 -  2 mm).  If  a sand gr ai n wer e enl ar ged 1000 ti mes,  i t  woul d 
be about  as bi g ar ound as a man i s t all.  Moder at e amount s of  sand i n t he soil 
i mpr ove dr ai nage, aer ation, and tilt h. 
Si lt:  Silt  consi st s of  gr ound up sand ( quart z)  and r ock mi ner al s.  Silt  cont ai ns f ew 
nutri ent s by i t self,  but  i t can have nutri ent s cli ngi ng t o i t s surf ace.  Si lt  i s bet ween 
sand and cl ay i n t er ms of  si ze ( 0. 002 -  0. 06 mm).  If  a silt  parti cl e were enl ar ged 
1000 ti mes, it woul d be about t he si ze of a basketball.  
Cl ay:  Unl i ke sand and silt,  cl ays ar e al umi num- sili cat e mi ner al s t hat  al so have 
varyi ng amount s of  pl ant  nutri ent s such as potassi um,  cal ci um,  magnesi um,  i r on 
and et c.  A good part  of  a soil' s nati ve f ertility can come f r om i t s cl ay porti on.  Cl ay 
parti cl es ar e t he s mal l est  of  t he t hr ee ( <0. 002 mm)  .   If  you enl ar ged a cl ay parti cl e 
1000 ti mes,  i t  woul d be about  t he si ze of  a mar bl e.   Cl ays have a negati ve char ge ( -) 
t hat  makes t hem act  l i ke ti ny magnet s t o attract  and hol d pl ant  nutri ent s t hat  cont ai n 
a posi ti ve char ge ( +)  l i ke pot assi um ( K+),  cal ci um ( Ca++),  magnesi um ( Mg++),  and 
the ammoni um f or m of  ni trogen( NH4+).  Thi s hel ps t o keep nutri ent s f rom bei ng 
carri ed downwar d beyond t he r oot  zone by r ai nf all  or  i rri gati on.  Hi gh cl ay cont ent 
usuall y makes f or  har der  pl owi ng,  mor e compacti on,  and poor er  dr ainage,  but  i t 
assur es good wat er hol ding capaci t y. 
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Soi l s wi t h speci fi c r ati os of  t hese t hr ee parti cl e t ypes ar e usuall y r epr esent ed on a 
soil  t ext ur al  tri angl e,  as shown i n Fi gur e 3. 21.  An i deal  soil  t ext ur e woul d be 40 % 

















Fi gure 3. 21 Soil t ext ur e tri angl e ( HELPR, 2002)  
 
Soi l t ext ur e eff ect s; 
Wat er  r et enti on:  Sandy soil s have t he coarsest  t ext ur e and t her ef or e t he l ar gest 
por e si zes.  These l ar ge por e si zes ar e t oo l ar ge t o hol d wat er  t hr ough i t s cohesi ve 
pr opert y.  Cl ay soil s have t he fi nest  t ext ur e,  t heref or e t he s mall est  por e si zes.  Cl ay 
soil s are abl e t o hol d much mor e wat er because of t hei r  small er por e si ze.  
Aer ati on:  Sandy soil s have t he coarsest  t ext ur e and t her ef or e t he l ar gest  por e si zes. 
These l ar ge por e si zes dr ai n r api dl y,  and t he sand parti cl es do not  compact, 
t her ef or e t hese soil s have t he hi ghest  aer ati on vol umes,  and cl ay soil s t he l owest 
aer ati on vol umes.  
Speci fi c heat  capaci t y:  Because sandy soil s hol d very l ittl e wat er,  t hey war m up 
fast er  i n t he spri ng and cool  down sooner  i n t he f all.  I n contrast,  cl ay soi l s wi t h 
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hi gher  wat er  cont ent,  have hi gh speci fi c heat  capaci ti es.  They war m up sl ower  i n t he 
spri ng and cool  down sl ower i n t he f all. 
Fertility:  Cl ay soil s have a gr eat er  surf ace ar ea per  vol ume and a hi gher  cati on 
exchange capaci t y and t her ef or e ar e abl e t o hol d mor e i oni zed mi ner al s or  nutri ent s. 
Sandy soil s have a l ower  cati on exchange capaci t y and ar e abl e t o hol d f ewer 
nutri ent s. 
Ti ll age:  Because cl ay soil s have t he fi nest  t ext ure,  t hey ar e har der  t o till  and mor e 
li kel y t o become compacted.  
Fi el d Capacity and Wilti ng Poi nt 
Aft er  t he r ai nf all  or  i rri gati on i n an ar ea,  t he wat er  whi ch i nfiltrat ed i nto t he soil 
conti nue movi ng downwar d by gr avi t y,  whi ch i s known as per col ati on.  The 
percent age of  wat er  r emai ni ng i n t he soil  aft er t hi s dr ai nage (t akes 2-3 days)  i s 
call ed fi el d capaci t y,  whi ch gi ves t he maxi mu m moi st ur e cont ent  of  t he soil.  Pl ant s 
can extract  capill ary water  from t he soil  but  not  hygr oscopi c wat er  si nce i t  st ays 
t her e wi t h very strong adhesi ve f orce bet ween hygr oscopi c fil m and t he soil  parti cl es 
( Rogers D.  H.,  1996).  The l ower  l i mi t  of  wat er  content  i n t he soil  at  whi ch pl ant s can 
not  extract  wat er  any mor e i s call ed wi lti ng poi nt.  The equili bri um poi nt s i n t he soil 
ar e shown i n Fi gur e 3. 22 ( Rogers D. H., 1996). 
 
Fi gure 3. 22  Equili bri um poi nt s i n t he soil ( Rogers D. H., 1996)  
Soi l‟ s wat er  hol di ng char act eri sti cs ar e i mportant  f or  i rri gati on syst em sel ecti on, 
irri gati on scheduli ng,  cr op sel ecti on,  and gr oundwat er  quality.  Soil  wat er cont ent  i n 
t he cr op' s acti ve r oot  zone and avail abl e wat er  capaci t y ar e t he key i ndi cat ors f or 
appl yi ng t he ri ght amount of irri gati on at t he ri ght ti me.  
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The chemi cal  properti es of soil are;  
Moi st ure Sat urati on 
The sat ur ati on moi st ur e cont ent  of  t he soil  matrix such t hat  t he enti re soil  por osi t y i s 
wat er  fill ed,  ( %v),  and dependant  onl y on t he soil  text ur e.  It  i s not  eff ect ed by sali ni t y or 
gr avel .  
Sali nity 
Sal i nit y i s a measur e of  sol ubl e sal t s i n t he soil  at  sat ur ati on.  It  eff ect s t he sui t ability 
of  a soil  f or  cr op pr oduction,  t he st ability of  soil,  i f  used as constructi on mat eri al ,  and 
the pot enti al of t he soil t o corrode met al and concret e.  
pH 
pH i s a measur e of  soil  aci dit y and soil  al kali nit y on a scal e of  0 ( extremel y aci di c)  t o 
14 ( extremel y al kali ne), wi t h a pH of  7 bei ng neutral  ( The Uni versit y of  Ari zona, 
htt p:// ag. ari zona. edu/ pubs/ gar den/ mg/ soil s/ pH. html #pH).  
The pH cl assifi cati on t abl e i s shown i n Tabl e 3. 7.  I t  i s used t o i dentify very al kali ne, 
sodi c and aci d sul phat e soil s; nutri ent defi ci enci es and t oxi citi es.  
The pl ant  r oot s wi ll  not  functi on opti mall y i n soil s out si de a speci fi c pH r ange uni que t o 
t hat organi sm. If t he pH of t he soil i s extreme eit her al kali ne or aci di c, t he pl ant will di e.  
pH al so gi ves an i ndi cati on of  t he avail ability of  pl ant  nutri ent s and r el at es t o t he 
gr owt h r equi rement s of  parti cul ar  cr ops.  Aci dic soil s ar e usuall y defi ci ent  i n 
necessary nutri ent s eg. cal ci um and magnesi um.  
pH decr eases (i ncr ease aci dit y)  wi t h t he i ncr easi ng or gani c matt er.  Li me  can be 
added t o i ncr ease pH (i ncr ease al kali nit y). 
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Tabl e 3. 7 pH Cl assifi cation Tabl e  
( The Uni versit y of Ari zona, htt p:// ag. ari zona. edu/ pubs/ gar den/ mg/ soil s/ pH. ht ml #pH). 
pH Cl assifi cati on 
> 8, 5 strongl y al kali ne 6, 2 –6, 7 sli ghtl y aci di c 
7, 9 – 8, 5 moder at el y al kali ne 5, 6 – 6, 2 moder at el y aci di c 
7, 3 –7, 9 sli ghtl y al kali ne 3, 0 –5, 6 strongl y aci di c 
6, 7 –7, 3 neutral  
 
Cert ai n f ertili zers ar e del i ver ed as aci di c or  basi c sol uti ons.  These wi ll  al so al t er  soil 
pH.  However,  soil s have a buff eri ng capaci t y.  Thi s means t hat  wi t hi n thei r  nor mal  
range of  pH val ues,  t hey can absor b l ot s of  pr otons or  l ot s of  hydr oxyl  i ons bef or e 
t he pH of  t he soil  wat er  changes.  But  once t he buff eri ng capaci t y of  t he soi l  i s 
reached,  t hen t he pH of  t he soil  wat er  wi ll  change r api dl y t o t oxi c extremes.  It  wi ll 
al so t ake a l ot of new buf feri ng acti vity t o repai r t he soil t o its ori gi nal pH.  
Li me Cont ent  
Li me i s a nat ur all y occurri ng cal car eous mat eri al  used t o r ai se t he pH of  an aci di c soil 
and/ or  suppl y cal ci um f or  pl ant  gr owt h.  Lar ge amount s of  li me decr eases nutri ent 
ret enti on and f ertility;  but  soil s wi t h %60 CaCO3 can be successf ull y i rrigat ed wi t h a 
restri ct ed choi ce of  cr ops.  The deposi ti on of  l i me under  sali ne condi ti ons of  fi ne 
gr ai ned mat eri al  bl ocks por es and r educes per meability.  Nevert hel ess,  li me i s an 
eff ecti ve component f or treati ng aci di c soil s. 
Tot al Phosphor us 
Aft er  N,  P i s t he most  gener all y l i mi ti ng nutri ent  i n t errestri al  nat ur al  and agri cult ural  
ecosyst ems.  I n many cases,  i t  may be t he ul timat el y l i mi ti ng nutri ent,  due t o i t s 
constrai ni ng i nfl uence on t he N cycl e.  Soil  P occurs i n many f or ms,  whi ch have 
compl ex i nt errel ati onshi ps.  Tot al  soil  P i s one of  t he f ew r obust  measur es.  Full 
fracti onati on of soil P, i nto or gani c P, secondary P, extract abl e P and occluded P.  
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Ni trat e 
Ni trat e ni trogen i s t he measur e of  r eadil y avail abl e ni trogen i n t he soil  and i s used 
wi t h percent age of  or gani c matt er  t o make a nitrogen f ertili zer  r ecommendati on. 
Because ni trat e- N i s hi ghl y sol ubl e,  i t  i s subj ect  to l eachi ng i n all  soil s,  especi all y i n 
coarse t o medi um t ext ured soil s.  
Tot al Nitrogen 
Ni trogen i s t he el ement  most  gener all y l i mi ti ng pri mar y pr oducti on i n nat ur al  and 
agri cult ural  ecosyst ems.  Sever al  i mport ant  gr eenhouse gases ( e. g.,  N2O and NOx  and 
CH4)  ar e ti ed t o t he soil  N cycl e.  Tot al  N anal ysi s mostl y measur es or gani c N,  whi ch i s 
not  t he f or m t aken up by pl ant s.  However,  i norgani c N ( NO3 and NH4)  ar e ver y 
vari abl e at  short  ti me scal es and t her ef or e not  suitabl e f or  moni t ori ng except  at  centr es 
or  i n gr ound wat er  and aquati c syst ems.  The process of  conversi on of  or gani c N t o 
i nor gani c N ( mi ner ali zat i on and ni trifi cati on)  ar e sui t abl e f or  measuri ng onl y at  t he 
centre l evel.  
Or gani c Matt er 
Per cent age of  or gani c matt er  can be used t o esti mat e ni trogen i n t he soi l  ( The 
Uni versit y of  Ari zona,  htt p:// ag. ari zona. edu/ pubs/ gar den/ mg/ soil s/ properti es. ht ml # 
physi cal ). 
Thi s met hod al one i s not  al ways a dependabl e measur e of  avail abl e ni trogen,  but  i s 
used wi t h nitrat e nitrogen t o make nitrogen f ertilizer recommendati ons on many crops.  
Or gani c matt er  i n t he soil,  i ncl udes pl ant  and ani mal  r esi dues at  vari ous st ages of 
decomposi ti on.  Most  cul ti vat ed t opsoil s cont ai n about  2- 4% or gani c matt er  by wei ght. 
Despi t e i t s s mall  pr oporti on,  or gani c matt er  has a r emar kabl e benefi ci al  eff ect  on soil 
behavi or  and cr op yi el ds.  Or gani c matt er  i n t he soil  i s frequentl y i n t he f orm of  hu mus, 
parti all y decomposed organi c matt er  t hat  has become dar k and cr umbl y and conti nues 
decomposi ng at a sl ow rat e. Humus benefit s t he soil i n many ways;  
 It can i mpr ove over all physi cal condi ti on (tilt h), especi all y i n cl ayey soil s.  
 It  can hel p r educe soil  erosi on by wi nd and wat er because i t  act s as a " gl ue" 
t o bi nd soil  parti cl es t oget her  i nt o aggr egat es,  t hat  i mpr ove wat er  i ntake 
rat es and l essen r unoff.  Aggr egat es ar e r esi st ant  t o bei ng moved by wi nd or 
fl owi ng wat er.  
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 It  st or es and suppli es nutri ent s,  especi all y ni trogen,  phosphor us,  and sul fur. 
These ar e sl owl y r el eased f or  use by pl ant  r oot s as  or gani c mat t er 
decomposes.  
 It i ncreases t he wat er-hol di ng capaci ty of sandy soil s.  
 Its hi gh negati ve char ge hel ps pr event  posi ti vel y-char ged nut ri ent s f rom 
l eachi ng. Al so t he negative char ge i mpr oves soil's buff eri ng capaci t y.  
 
So me of t he specifi c para met ers ar e; 
Moi st ure Cont ent  
Soi l  moi st ur e i s t he most  i mport ant  det er mi nant  of  non- poi nt  poll uti on and veget ati on 
struct ur e,  composi ti on and densi t y.  It  al so i s t he i nt egr at or  of  surf ace and sub- surf ace 
wat er fl uxes and i s t hus the key di agnosti c vari able f or surf ace wat er budget. 
Soil Temperat ure 
Soi l  t emper at ur e i s a combi ned pr oduct  of  changes i n ai r  t emper at ur e and 
pr eci pit ati on, especi all y snowf all and snow cover on gr ound.  
Once t he appr opri at e set  of  l and char act eri sti cs are det er mi ned,  t he next  st ep i n t he 
l and sui t ability assess ment  pr ocess must  be economi c and soci al  anal ysi s.  Such a 
pr ocess woul d be subj ect  t o a coll abor ati ve work among expert s and prof essi onal s 
from vari ous di sci pli nes such as l andhol ders,  personnel  from r el at ed agenci es, 
consul t ant s,  et c.  It  i s i mport ant  t o not e t hat  t hi s pr ocess shoul d be an i t erati ve one, 
i nvol vi ng r efi nement  and feedback.  Cl ose cont act  shoul d be mai nt ai ned bet ween t he 
resource survey and t he l and- use.  At  t he end of  t hi s pr ocess,  t he l and sui t ability 
cl assifi cati on can be fi nal i zed and be br ought t o t he att enti on of deci si on- makers. 
3. 4. 3. 2 Land Suitability Assess ment  
Once t he appr opri at e set  of  l and char act eri sti c are det er mi ned,  t he next  st ep i n t he 
l and sui t ability assess ment  pr ocess wi ll  be t he economi c and soci al  anal ysi s.  Such a 
pr ocess woul d be subj ect  t o a coll abor ati ve work among expert s and prof essi onal s 
from vari ous di sci pli nes such as l andhol ders,  personnel  from r el at ed agenci es, 
consul t ant s,  et c.  It  i s i mport ant  t o not e t hat  t hi s pr ocess shoul d be an i t erati ve one, 
i nvol vi ng r efi nement  and feedback.  Cl ose cont act  shoul d be mai nt ai ned bet ween t he 
resource survey and t he l and- use.  At  t he end of  t hi s pr ocess,  t he l and sui t ability 
cl assifi cati on can be fi nali zed and be br ought  to t he att enti on of  deci sion- makers.
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4. CONCLUSI ONS AND RECOMMENDATI ONS 
The maj or  out put  of  thi s st udy i s t o show t he gui deli nes of  how l and- based 
i nf or mati on can be gat her ed and i nt egr at ed wi th GI S so as t o gi ve ri se t o l and 
assess ment.  Besi des,  i t al so emphasi zes t he dat a t hat  woul d be r equi red f or 
wat ershed modelli ng,  pl anni ng and management  st udi es.  The GI S dat abase act uall y 
act s as a basi s f or  f ut ure model  appli cati ons and i s,  as of  t oday,  known t o be t he 
most  of  effi ci ent  t ool  f or  modelli ng st udi es.  Thi s coul d al so be j ustifi ed wi t h t he 
trends of  engi neeri ng soft war e t echnol ogy,  whi ch l ead t o penetrat e i nto t he GI S 
pl atf or m mor e and more wi del y i n t he r ecent  years.  The dat a gat heri ng and 
modelli ng capabiliti es of  GI S soft war e packages ar e of  very subst anti al  pot enti al 
val ue f or i nt egr at ed wat ershed management pr act i ces.  
 
Thi s st udy act s as a gui de f or  l and sui t ability assess ment  of  t he sel ect ed wat ershed, 
whi ch can al so be appli ed t o ot her  wat ersheds.  It  i s i mport ant  t o note t hat  l and 
eval uati on st udi es shoul d be f oll owed by vali dati on of  gat her ed dat a t hrough fi el d 
st udi es.  I n t he f ut ur e st udi es,  l and sui t ability assess ment  pr ocess wi ll  be t he economi c 
and soci al  anal ysi s.  After  t he compl eti on of  all t hese anal ysi s,  att enti on of  deci si on 
maker s and rel at ed aut horiti es will be dr awn t o t he resul ts att ai ned.  
 
Soi l  anal ysi s f or m an essenti al  part  of  such l and sui t ability anal ysi s even t hough i t  i s a 
money and ti me consumi ng j ob.  However,  onl y by means of  act ual  fiel d t est s,  t he 
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Ilc e . s h p
B O D R U M
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F E T H I Y E
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K O Y C E G I Z
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Y o l. s h p
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y x N O  B u y u k l u k D e r i n l i k m T a r i h
3 6 . 9 2 2 8 . 6 0 1 5 . 3 4 0 2 5 / 0 4 / 1 9 5 9 0 1 : 0 5
3 6 . 9 4 2 8 . 5 8 2 5 . 9 3 0 2 5 / 0 4 / 1 9 5 9 0 0 : 2 6
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